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ABSTRACT
Utilizing the unique location of red clump giants on colour-magnitude diagrams obtained
from various near-infrared surveys, we derived specific reddening-distance relations towards
119 Galactic novae for which independent reddening measurements are available. Using the
derived distance-extinction relation and the independent measurements of reddening we cal-
culated the most likely distances for each system. We present the details of our distance meas-
urement technique and the results of this analysis, which yielded the distances of 73 Galactic
novae and allowed us to set lower limits on the distances of 46 systems. We also present
the reddening-distance relations derived for each nova, which may be useful to analyse the
different Galactic components present in the line of sight.
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1 INTRODUCTION
Novae are a sub-type of cataclysmic variables (CVs), in which
a white dwarf and a donor star form a short-period close binary
system (see Warner 1995; Bode & Evans 2008; Woudt & Ribeiro
2014). They are defined as systems with the largest outburst amp-
litude among other sub-types of CVs during which the thermo-
nuclear runaway within a hydrogen-rich layer on the surface of
the white dwarf leads to the explosive ejection of the nova shell.
Classical nova outbursts can be observed only once in the observa-
tional history of a nova, while with higher mass transfer rates and
more massive white dwarf companions than a typical nova, recur-
rent novae show repeating smaller amplitude nova outbursts within
their lifetimes (see for a review Schaefer 2010).
Since novae are exclusively discovered during an outburst
phase, classification of these systems is generally based on the ob-
served properties of this event eg., speed class (e.g. Gaposchkin
1957) or spectral class (Williams 1992). Alternative classifications,
based solely on the evolutionary state of the companion star or
the shape and the time to decline by 3 mag from the peak of the
outburst, have also been proposed (Strope et al. 2010; Darnley et
al. 2012). In addition, novae have also been classified as ‘disc’ or
‘bulge’ novae, on the basis of their parent stellar population and
location within the host galaxy (Della Valle et al. 1998). Specific-
ally, the He/N class novae tend to concentrate close to the Galactic
plane with a typical scale height of 6 100 pc, whereas the Fe ii
novae are distributed more homogeneously up to z 6 1000 pc, or
even beyond (Della Valle et al. 1998), where z represents the ver-
tical distance from the Galactic disc. For our Galaxy, spatial distri-
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bution analyses of novae predict that they should be located mostly
close to the Galactic plane with a typical scale height of ∼ 125 pc
(Duerbeck 1981; Della Valle et al. 1992; Özdönmez et al. 2015).
However, these studies lack the necessary statistical significance
due to considerable errors in the distance measurements. Measur-
ing the distances of novae in a reliable way can be very useful in
the calculation of both the astrophysical parameters and the spatial
distribution of these close binary systems.
The expansion parallax method allows the distance to be de-
termined if the angular expansion of the nova shell can be resolved
several years after the outburst. However, application of the expan-
sion parallax method runs into some difficulties. First, the expan-
sion velocities measured from the profiles of various spectral lines
differ significantly. Second, a uniform shell expansion has to be as-
sumed. Third, an uncertainty in estimating the angular size of the
shell often arises because of its complex structure. Despite all of
the uncertainties, the distance estimates obtained by the expansion
parallax method are believed to be the most reliable ones follow-
ing after the trigonometric parallax method. However, the number
of novae with detected shells is only about 30 in the entire history
of their observations. Furthermore, all of these are nearby systems,
usually not farther than 2 kpc (Slavin et al. 1995; Downes & Duer-
beck 2000). If the outburst light curve of a nova is observed, its dis-
tance can be photometrically calculated from the Maximum Mag-
nitude Rate of Decline (MMRD) relations for Galactic (e.g. Cohen
1985; Downes & Duerbeck 2000) and extragalactic nova popula-
tions (e.g. Capaccioli et al. 1990; della Valle & Livio 1995; Darn-
ley et al. 2006). However, a recent study by Kasliwal et al. (2011)
has discovered a sample of faint and fast extragalactic novae that
caused the authors to question whether the MMRD relation is jus-
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tified at all, and they also demonstrated that the MMRD relation
does not work for recurrent novae.
In this study, we aim to measure the distances of a large num-
ber of Galactic novae, for which independent extinction measure-
ments exist, in a systematic manner using the red clump giants
(RCs) in the same line of sight as a standard candle. The distance
of each nova was determined by comparing the specific extinction–
distance relation for the line of sight of the nova derived from the
RCs, and its independent extinction measurement.
Section 2 presents an overview of the various methods used to
determine the amount of extinction for Galactic novae, emphasiz-
ing their advantages and disadvantages in the determination of the
actual amount of interstellar matter. In Section 3 we describe our
method in detail, while we present the results of the application of
our method to a large number of novae in Section 4. A review of
our method and a discussion of the possible uncertainties associ-
ated with it are given in Section 5 where we also discuss some of
the implications of our results. Finally, as an appendix, we present
a short review of the reddening measurements and earlier distance
determinations for each individual object.
2 REDDENING ESTIMATES OF GALACTIC NOVAE
Our aim is to determine the distances of a sample of Galactic novae
following a systematic approach. In this context, an independent
and reliable measurement of interstellar reddening towards each
nova in question is needed. In this section, we discuss some of the
methods used to infer the interstellar reddening towards a certain
nova and present the value used in this study together with a com-
parison of the measurements for each nova in Appendix A.
There are a number of methods, all with varying accuracy,
to estimate the interstellar extinction towards a Galactic nova. For
stellar studies there is a rich set of spectroscopic methods, which
lead to the estimation of the interstellar extinction. For example
E(B− V) is best determined by comparing line fluxes of the source
and an unreddened standard object, which have nearly identical
spectroscopic features to the source in question. However, neither
this method nor the continuum fitting method based on stellar at-
mospheric models can be applied to a nova because of the fact that
the models are still quite rudimentary and the lack of such refer-
ence objects. Thus, indirect methods are usually preferred. These
methods often require either high–resolution spectroscopy to re-
veal interstellar lines (e.g., Na i (λ5890.0 and λ5895.9) and K i
(λ7699.0), the line strengths of optical and near-IR spectroscopy of
O i lines Munari & Zwitter 1997; Rudy et al. 1989) or other lines,
which are known to be correlated with the colour excess. There are
a few difficulties in using spectral lines for the determination of the
interstellar reddening. First, the spectral line widths of novae are
large and the line structure is complex. Line profiles are occasion-
ally asymmetric, making it difficult to separate an individual spec-
tral line from blended features. Second, it is not always possible to
examine the same spectral line for all novae, since the spectral evol-
ution of each nova is unpredictable and peculiar. Another reddening
estimation method is based on the 2200 Å feature, which is charac-
terized by the presence of a broad interstellar absorption bump in
the spectral energy distribution (SED). Since the ultraviolet (UV)
band is very sensitive to the effects of the interstellar medium, even
a small amount of reddening can be derived by modelling the SED
with an E(B − V) that accounts for the extinction bump. However,
low sensitivity of the spectrographs in the UV wavelength range
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Figure 1. Galactic coordinates of novae which have reddening estimates.
(•), (M) and (+) indicate the ones for which the distances could be obtained,
only lower limits could be calculated, and the ones for which the distance
could not be calculated, respectively. Estimations were explained in Section
4.
and high noise complicate the estimation of the interstellar extinc-
tion.
On the other hand, the colour index of a nova at a certain out-
burst phase can be used to also estimate the interstellar extinction,
assuming that all novae have similar colour indices at the same
outburst phase. van den Bergh & Younger (1987) derived general
trends of colour evolution in the outburst light curves of novae, and
inferred the intrinsic colour of novae as (B−V)0 = 0.23±0.06 mag
when the brightness of a nova reaches its maximum and (B−V)0 =
−0.02 ± 0.04 mag when the nova faded 2 mag from the outburst
maximum, where the subscript ‘0’ denotes the unreddened colour.
Similarly, Miroshnichenko (1988) suggested that the intrinsic col-
our is (B−V)0 = −0.11±0.02 mag at the stabilization stage, which
occurs when the colour evolution of the nova stabilizes soon after
the optical maximum. Recently, Hachisu & Kato (2014) have im-
proved the colour-colour evolution of novae using revised distances
and extinctions, and compared the reddening estimates obtained
using the intrinsic colours given above. Hachisu & Kato (2014)
showed that the intrinsic colour methods often show large devi-
ations, and the one at the stabilization stage seems to be more use-
ful. However, since novae in general are peculiar non-stationary
objects, and a nova outburst is an unpredictable event, it is always
possible to miss an observation that must be done at a certain phase.
We collected all the interstellar reddening estimates, published
before 2016 April, for 152 Galactic novae from the literature. Note
that, the estimates based on the use of interstellar reddening maps
were ignored. Galactic coordinates of these systems are shown in
Fig. 1. For the distance calculation, we preferred to use the red-
dening values obtained from spectra, especially the ones measured
through the use of uncontaminated lines, e.g. Na i, K i or Hydrogen
column density, 2200 Å feature and finally line ratios. Reddening
values obtained from photometry were used if there is no other red-
dening value available from spectroscopy. Short discussions of the
adopted reddening estimates of each individual nova are given in
Appendix A
3 METHOD
3.1 Red Clump Stars As A Standard Candle
Just like a normal horizontal branch star the RC stars are core
helium-burning giants. They have long been proposed as standard
candles (Paczyn´ski & Stanek 1998; López–Corredoira et al. 2002),
owing to their compact distribution in colour-magnitude diagrams
(CMDs) of open clusters as well as globular clusters. They are well
MNRAS 461, 1177–1201 (2016)
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separated from the main-sequence stars and red giants. Location of
the RC stars in a CMD presents an opportunity to obtain a meas-
urement of their mean absolute magnitude and intrinsic colour. Fur-
thermore, and especially in a near-IR CMD, dependence of the loc-
ation of these stars on the metallicity is very weak. Thus, it is pos-
sible to use these stars as tracers of Galactic reddening-distance
relation in a given line of sight, accounting for a small dispersion
of their absolute magnitude and intrinsic colour. Such a relation
can then be used to infer the distance of a particular object, in the
same field of view, for which the extinction is known. A very sim-
ilar technique has been successfully applied before to several X-ray
sources (Durant & van Kerkwijk 2006; Güver et al. 2010).
To use the mean absolute magnitudes of the RC stars in dis-
tance estimation, their absolute magnitudes and intrinsic colours in
a particular photometric system are expected to be free of metalli-
city and age. Considering the Ks and J bands of the Two Micron
All-Sky Surver (2MASS) photometric system, which are used in
this study, numerical studies suggest that the infrared magnitudes,
especially Ks band, have only a small dependence on metallicity
and age both observationally (e.g. Grocholski & Sarajedini 2002;
Pietrzyn´ski et al. 2003) and theoretically (Salaris & Girardi 2002).
The intrinsic colour (J − K)0 is affected by these parameters due
to the dependence of the J band on the metallicity and age. For
our case, this effect is negligible as there is no large metallicity
gradient in the Galactic disc (Ibata & Gilmore 1995a,b; Sara-
jedini et al. 1995). Here, we adopted an absolute magnitude of
MKs = −1.595 ± 0.025 mag and an intrinsic colour of (J − K0) =
0.625 ± 0.03 mag from Yaz Gökçe et al. (2013) for the RC popu-
lation based on the re-reduced Hipparcos RC data using the same
methodology as in Alves (2000) and Laney et al. (2012). These
values are not only the most recent ones, but also compatible with
the former ones; cf. MK = −1.61 ± 0.03 mag (Alves 2000) from
Hipparcos sample, MKs = −1.62 ± 0.06 mag from 14 open clusters
and (J − Ks)0 = 0.597 ± 0.033 mag for NGC2158 (Grocholski &
Sarajedini 2002), MKs = −1.57 ± 0.05 mag for 24 open clusters
(van Helshoecht & Groenewegen 2007), MKs = −1.54 ± 0.03 mag
(Groenewegen 2008) based on the re-reduced Hipparcos catalogue
(van Leeuwen 2007), MKs = −1.613 ± 0.015 mag and (J − Ks)0 =
0.63 ± 0.2 mag for the RC stars in the solar neighbourhood (Laney
et al. 2012).
3.2 The Photometric Data
In order to use the specific extinction-distance relation derived from
the RC stars in a Galactic field including a particular Galactic nova,
the (J − Ks,Ks) CMD should be constructed first. For this pur-
pose, we used several near-IR surveys, namely, (i) 2MASS (Sk-
rutskie et al. 2006), (ii) Visible and Infrared Survey Telescope for
Astronomy-Vista Variables in the Via Lactea survey (VISTA-VVV;
Saito, et al. 2012, DR2), and (iii) the United Kingdom Infrared
Deep Sky Survey-Galactic Plane Survey (UKIDSS-GPS; Lucas et
al. 2008). All of these surveys complement each other regarding the
completeness limits and sky coverage, which is an advantage that
allows us not only to trace the RC stars through the stellar fields,
but also to study Galactic novae in a wide-range of the distances.
For example, 2MASS extends the study further from the Galactic
plane owing to its observing policy covering the whole sky, whereas
UKIDSS-GPS is only mapping −0.5◦ 6 l 6 110◦, |b| < 5◦ in the
Galactic plane, and VISTA-VVV observes the Galactic bulge in
range −10◦ 6 l 6 +10◦, −10◦ 6 b 6 +5◦ and the Galactic disc
in range 295◦ 6 l 6 350◦, −2◦ 6 b 6 +2◦. Here, l and b are
the Galactic longitude and latitude, respectively. The lower limit of
magnitudes in the VISTA and UKIDSS K bands are about 18.0 mag
for most of the stellar fields, while it reaches to ∼ 16.5 mag for
the crowded fields, which are approximately 4 mag fainter than
2MASS. On the other hand, 2MASS photometry allows us to de-
termine the nearest RC stars in the CMDs up to ∼ 8 mag, which is
3 mag lower than the saturation limit of ∼ 11 mag in VISTA and
UKIDSS K bands.
Since the photometric bands of the UKIDSS survey are not
based on the 2MASS zero-points, we converted them to the 2MASS
magnitudes of the RC stars using the transformation equations
given by Wegg et al. (2015):
J2 = JU − 0.02(JU − HU) − 0.03
H2 = HU + 0.12(HU − KU)
K2 = KU + 0.02(HU − KU) + 0.01,
(1)
where the subscript 2 refers to the 2MASS system and sub-
script U refers to the UKIDSS.
Using J and K magnitudes from each survey, when available,
CMDs were created to estimate the distance of a given nova from
the reddening-distance relation. In our analyses, we preferred to
use VVV data, switching to UKIDSS and finally to 2MASS. How-
ever, for some of the directions, it was necessary to combine two or
three catalogues by cross-matching the object coordinates. For this
purpose, we used a matching radius of 1arcsec and limit the mag-
nitude and colour differences to |K| 6 0.5 mag and |J − Ks| 6 0.2
mag, respectively.
3.3 Selection of the RC stars and the reddening-distance
relation
Positions of the RC stars on a CMD depend on their absolute
magnitude, intrinsic colour, distance and extinction. Since absolute
magnitudes and intrinsic colours of RC stars are similar, a change
only in the extinction causes a horizontal displacement of their po-
sition while a vertical displacement of the position is a result of
distance or extinction change. Therefore, the extinction can be de-
termined by comparing intrinsic colour and mean observed colour.
Using this information and the mean absolute magnitude of the RC
stars, the distance can be derived from the Pogson’s equation. On
the contrary, in a region of the Galaxy with low extinction they trace
almost a vertical line on the CMD throughout the line of sight.
In order to determine the approximate region in which the
RC stars are located in an observational CMD, we used galaxia
(Sharma et al. 2011). This is a code to generate synthetic models
of the Galaxy. The code constructs a catalogue of stars based on
the specified colour and magnitude limits and a coordinate set. The
interstellar extinction (or reddening) at any given distance and the
Galactic coordinates of a star can be calculated by a model of the
density of interstellar material (for details see Sharma et al. 2011)]:
Ed(B − V) = E∞(B − V)
∫ r
0
ρ(s)ds∫ ∞
0
ρ(s)ds
, (2)
Following the results of Arce & Goodman (1999) and Sch-
lafly & Finkbeiner (2011), colour excess at infinite distance given
by Schlegel et al. (1998) is reduced by a factor depending on inter-
stellar reddening and the line of sight. We obtained the RC trace by
MNRAS 461, 1177–1201 (2016)
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Figure 2. (a) Observational (b) galaxia CMDs of LV Vul for 0.4× 0.4 deg2
line of sight. Black dashed lines are boundary lines for selections of the RC
stars; black dots show J − Ks colours of RC stars; N is the total number
of stars in the area, A is the solid angle, l, b are Galactic coordinates. The
reddening estimate of the nova is also given. Colour scale is shown below
the figure. Note that: maximum number of stars for each bin is shown by
red colour.
evaluating the interstellar extinction in steps of 5 pc of the distance
using AJ = 0.871 × Ed(B − V), AKs = 0.346 × Ed(B − V) (Rieke &
Lebofsky 1985), and placed them on both observational and theor-
etical CMDs. Boundary lines, which limit the region where the RC
stars are located on CMDs, were derived by shifting the RC trace
in equal amounts for both directions on the colour axis (Figs. 2a
and b). The width of the band limited by the boundary lines was
determined after a number of trials to maximize the number of RC
stars while avoiding stars of other spectral types.
Once a broad region in which the RC stars should be located
is identified, magnitude intervals for the Ks band, from which the
reddening will be calculated, can be determined. The lower limit
of Ks magnitude interval was derived following the RC build-up.
Then, the magnitude intervals were derived in steps of a given dis-
tance (usually 300 or 400 pc) from the lower limit. However, if the
number of stars in a particular magnitude interval was less than 20,
then the range was extended to larger magnitudes until the number
of stars became 20, and then new magnitude intervals were derived
in steps of corresponding distance from the re-constructed limit.
Since, the margin between magnitude intervals decreases at larger
distances, we set a lower limit of about 0.2-0.3 mag on the range of
the magnitude intervals.
Following the summarized method, histograms for the colour
indices of stars in each magnitude interval can be obtained. A peak
in this histogram would mostly reveal the presence of the RC and
some giant stars, that dominate the distribution of the background
stars (generally represented by a second–order polynomial), be-
cause the colour difference between the RC and RG stars is very
small. Note that the same holds also for the temperatures and sur-
face gravities of these two sub-samples. Thus, we expect a possible
contamination by the RG stars in our study. The effects of this pos-
sible contamination will be also considered in following paragraph.
Fitting the resulting histograms with a Gaussian, the J − Ks col-
ours for the RC stars can be derived, along with its apparent width,
which is defined through the standard deviation of the Gaussian fit.
This model is used and defined by many authors (e.g. Stanek et al.
1995; Cabrera-Lavers et al. 2008; Nataf et al. 2010, and references
therein), as follows:
N(m) =
NRC
σRC ×
√
2pi
exp
−12
(
µ − µRC)
σRC
)2
+ A exp
[
B (µ − µRC)] (3)
Here, NRC is the number of the RC stars within each magnitude
interval, µRC is the centre of the fitted curve that is in fact the es-
timated colour, σRC is the dispersion of the colour. A and B fit an
exponential profile to the colour distribution of the RG stars. Note
that, we prefer median values of the colour indices rather than using
the Gaussian fit for the magnitude intervals which contain less than
50 stars. For these intervals, we calculate the uncertainty of (σJKm)
from the standard deviation of the colours. Once the statistically
significant colours and the associated uncertainties are calculated,
the E(J − Ks) colour excesses were derived from the difference
between these values and the assumed intrinsic colour of the RC
stars. The relation for the total absorption, AKs = 0.657×E(J−Ks),
is adopted from Rieke & Lebofsky (1985). This equation leads to
the calculation of the distance dc.
Although the reddening curve can be calculated by this pro-
cess, the number of RC stars may not be dominant in a given mag-
nitude interval, leading to a difference in the extinction from the
general trend. A scatter can also be caused by the background dis-
tribution of stars from various spectral types. In order correct for
such a possible scatter, we utilized the galaxia extinction curve to
fit the theoretical curve with the observational curve obtained in
this study. When an observed extinction measurement at a certain
distance deviates from the galaxia prediction and also from the ob-
served general trend by about 2σ, we re-analysed the magnitude
interval in question using one of the following methods: for the Ks
band magnitude interval in use, the colour index J − Ks was re-
calculated:
(i) from the peak of the J − K histogram.
(ii) from the median of the J − K histogram.
(iii) using two Gaussians to fit the J − K histogram distribution.
(iv) using two Gaussians plus a polynomial function model to
fit the J − K histogram distribution.
If the new colour excess value shows a better agreement, it
was used. Otherwise, we just left the original result from equation
(3). Note that such a correction was only performed for individual
reddening measurements and was not used to modify the inferred
trend as found observationally from RCs. Finally, we obtained the
reddening-distance relation for the line of sight of the nova in ques-
tion.
The contamination of the RC sample caused by dwarf stars
must also be considered. The selection method used here can not
separate the dwarf and giant populations. In order to understand
the influence of the dwarf/giant contamination, individual bound-
ary lines were placed on the CMDs obtained from the galaxia
code (Fig. 2b) and predicted ratio between the dwarfs and the gi-
ants plus dwarfs were calculated using the stellar parameters in
Sharma et al. (2011): Teff > 5000 K, log g > 3.3 for dwarfs,
Teff 6 5000 K, log g 6 3.3 for RG+RC stars. Examples are given
in Fig. 3 for four different directions in the Galaxy. Note that the
first points in Fig. 3 are not statistically important due to lack of
stars. It is clear that the dwarf contribution begins to be import-
ant towards fainter magnitudes, especially for magnitudes fainter
than Ks = 13- 14 mag. The dwarf contamination for regions close
to the Galactic plane is expected to be smaller (in other words, its
efficiency begins at fainter magnitudes), since higher reddening in
MNRAS 461, 1177–1201 (2016)
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Figure 3. Rate of dwarf contamination towards four different directions.
Dashed line represents the upper limit of the magnitude interval.
this region will shift the giants to redder colours. Meanwhile the
dwarfs which have similar magnitudes as giants will remain in the
blue part of the CMDs, because the effect of reddening on their
colours is lesser. As a result, the dwarf and giant stars can be sep-
arated. Therefore we considered this effect in the calculation of the
reddening-distance relation for each Galactic nova, and set an up-
per limit the magnitude interval so that the dwarf contamination is
lesser than ∼ 30%.
The uncertainty in the extinction was estimated from the un-
certainty of the mean colour derived from the Gaussian fit, (σJKm =
σRC/(1.52×NRC). However, this uncertainty is only an indicator of
the statistical error. The total uncertainty in the extinction was de-
termined taking into account the uncertainty of the intrinsic colour
of RC stars, (J−K)0 = 0.03, and adding both uncertainties in quad-
rature: σ2JK = σ
2
JKm + σ
2
JK0.
3.4 Determination of the Distances
The distances of the Galactic novae were estimated comparing the
reddening-distance relations obtained from the RC stars with the
colour excesses E(J − Ks) = 0.524 × E(B − V) (Rieke & Lebofsky
1985) for the novae. As mentioned in Section 2, the colour excesses
of novae were compiled from the literature. In the comparison, we
preferred to use the probability distribution of the extinction, which
is denoted as Pnova(EJK) for the nova in question and the one ob-
tained for the RC stars for each magnitude bin as PRC(EJK|D).
These distributions were represented by Gaussian functions. Since
there is no prior either for the extinction or the distance, the probab-
ility functions PRC(EJK|D) and PRC(D|EJK) were assumed to be
equal. The total probability distribution was calculated taking into
account the product of these two independent probability distribu-
tions and integrating them over the reddening:
P(D) =
∫
Pnova(EJK) PRC(D|EJK) dEJK. (4)
We solved this integral and obtained the final probability dis-
tribution of the distance (Fig. 4) of a given nova. In order to find
the most likely distance from this distribution, we smoothed the
distribution using a spline function and took the maximum value.
We fitted the distribution with a Gaussian curve to determine the
uncertainty of our measurement together with the most likely dis-
tance value, if the distribution had a Gaussian profile. However, the
resulting distribution can not always be represented by a simple
Figure 4. Probability distribution over distance to the source (a) V407 Cyg
and (b) V496 Sct. Red dashed line represents the best-fitting Gaussian func-
tion and diamond symbols are the distances with uncertainties calculated
from the integration method.
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Figure 5. The reddening-distance relations through WY Sge obtained using
four different radii.
Gaussian curve. In these cases, we calculated the total area under
the probability distribution, normalized it to 1 and determined the
range, from the most likely value, in which the area is equal to the
0.68 times the total. An example for this is shown in Fig. 4.
4 DISTANCES OF THE GALACTIC NOVAE
In the application of the above summarized procedure, using a large
number of stars for each field is needed in order to both reduce the
statistical uncertainty of the colour measurement and to minimize
the contamination from stars of different spectral types. However,
increasing the number of stars also means increasing the area of
the line of sight to be considered, which reduces the resolution of
the reddening since the method only provides the mean in a given
field of view. Therefore, we need to maximize the resolution while
keeping the number of stars at a minimum. In order to ensure that
there are no significant variations in the reddening curve through
the line of sight, we obtained reddening - distance relations using
fields with varying sizes towards each nova. An example case is
shown for WY Sge in Fig. 5 where reddening - distance relations
are obtained using four different radii of 0.3, 0.4, 0.5 and 0.8 deg.
The resulting relations imply that there is no strong variation of
reddening in those areas centred on WY Sge.
Using the method detailed in Section 3, we attempted to meas-
ure the distances of 152 Galactic novae in our initial catalogue,
which have independent reddening measurements. The reddening-
distance relations produced from the RC stars are also useful to ana-
lyse the different Galactic components present in the line of sight
since the shape of the extinction curve will be directly related to
these components.
The bulk of absorbing interstellar matter is concentrated along
the Galactic plane at low Galactic latitudes, while for higher latit-
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udes the slope of the reddening curve is shallower since the dust
density decreases rapidly. QV Vul or LW Ser (Fig. C1) at latit-
udes higher than 6◦ is clear examples of the latter as the major-
ity of the dust is concentrated in the first 1-2 kpc in the thin disc
component. Further away from the plane, there is no additional ex-
tinction, and the reddening-distance relation becomes more or less
flat. On the other hand, for pure disc fields, for example in the case
of V1500 Cyg (Fig. C1), the extinction increases steadily along
the line of sight up to the detection limit or the end of the disc
–whichever comes first– is reached.
Directions where other Galactic components apart from the
disc are present, are clearly identifiable from the results presented
here. In this regard, the amount of dust concentrated in the spiral
arms translates in sharp increases in reddening as a function of dis-
tance once the location of an arm is crossed. This can be seen in
the cases of LV Vul (Fig. C1) and WY Sge (Fig. C2) thanks to their
relationships with the Sagittarius arm. The dust associated with the
arm produces an extra extinction, which increases by 0.5−0.6 mag
in a few parsecs as the arm is crossed (at a distance of around 4 kpc
along the line of sight) and produces a recognizable feature in the
plots. When moving to the inner Galaxy, the bulge component is the
most prominent feature, and it dominates the reddening-distance
plots producing a steady increase in extinction up to the distance
where the bulge is reached (as it is shown for example in the case
of V4643 Sgr and V732 Sgr in Fig. C2).
The uncertainties in the distances of novae found from the
RC stars depend on how the interstellar reddening increases with
distance in combination with the uncertainties associated with the
independent reddening measurements. For directions where the in-
terstellar medium is relatively sparse and therefore the distance-
reddening relation is not steep enough, the method outlined here
is not effective. Also for the novae, for which the reddening meas-
urements already have very large uncertainties, a reliable distance
determination is not possible (Fig. 6d). For these reasons, we
could not estimate the distances of 33 objects in our catalogue.
These novae are listed in Appendix B with a brief information on
why their distances could not be calculated. Within the remaining
sample, we have seen three different possibilities. The first one is
the case where we were able to obtain a reliable distance (Fig. 6a).
In such cases, the distances were accurately calculated assuming
that the independent reddening reflects the correct amount of the
interstellar matter. The second case occurred when the reddening
estimate of the nova corresponds to the first or the last point in
the reddening-distance relation (Fig. 6b). In these cases, we util-
ized three dimensional extinction model derived by Drimmel et al.
(2003), and also the galaxia code as an independent check. We
concluded that the distance is reliable if our reddening evolution
shows the same trend with Drimmel’s map and/or galaxia. Other-
wise, the distance calculated from the first points in the reddening-
distance relation will remain uncertain, and only an upper limit of
the distance can be given. The worst scenario is the final case when
the reddening estimate of a nova exceeds the lower/upper limit of
the corresponding reddening curve. An example for such a case is
given in Fig. 6(c). In such cases, it is impossible to predict how the
trend in the reddening-distance curve proceeds, so we are only able
to give a lower or an upper limit for the distance of the nova based
on the first or the last point in reddening-distance relations. Taking
into account all these cases, we were able to constrain the distances
of 119 Galactic novae. Their derived reddening-distance relations
are given in Appendix C.
We compared the distances of 18 Galactic novae estimated
in this study with those estimated using the expansion parallax
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pansion parallaxes.
method (see Appendix A) and listed them in Table 1. Although
some problems exist in the determination of expansion parallaxes,
it is the probably the most reliable method after the trigonometric
parallax method. From the comparison (Fig. 7), we calculated the
median of the differences between our distance estimates and ex-
pansion parallaxes to be ∆d = 0.11 kpc with a standard deviation of
σ∆d = 0.7 kpc. These results are consistent with the median error of
the calculated distances, 0.5 kpc. In addition, calculated distances
are in good agreement with the expansion parallaxes except LV Vul,
LW Ser, and QV Vul. Therefore, we conclude that our results are
in good agreement with those obtained from the expansion paral-
lax method, and the method described in this study can be used to
any object as long as a reliable and independent reddening estimate
exists.
The distances of 55 Galactic novae which do not have expan-
sion parallaxes are calculated (Table 2). We did not compare our
results with the distances compiled from the literature since they
generally depend on statistical relations such as the MMRD rela-
tion. Distances based on the MMRD relation (Downes & Duerbeck
2000) have strong uncertainties owing to the scatter in the rela-
tion itself, which is about 0.6 mag with deviations as large as 1.6
mag. In addition, the MMRD relation may not hold for our Galaxy
as for other galaxies (Kasliwal et al. 2011). Together with these
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Table 1. Results for the novae which also have expansion parallax measurements. Here l and b are Galactic coordinates, E(B − V) the reddening estimates
obtained from the literature, E(B − V)c the reddening estimates using the distances (dexp) from expansion parallaxes, dc indicates the distances calculated in
this study.
Object l b E(B − V) dc dexp E(B − V)c Refa
(◦) (◦) (mag) (kpc) (kpc) (mag)
V1229 Aql 40.537 -5.437 0.50 ± 0.08 2.5 ± 0.6 2.4 0.48 Shafter (1997)
V1494 Aql 40.974 -4.742 0.6 ± 0.1 2.2 ± 0.7 1.2 0.36 Barsukova et al. (2013)
T Aur 177.143 1.698 0.42 ± 0.08 1.08 ± 0.37 0.96 0.36 Slavin et al. (1995)
V705 Cas 113.66 -4.096 0.41 ± 0.06 2.2 ± 1.3 2.5 0.42 Eyres et al. (1996)
V842 Cen 316.574 2.453 0.55 ± 0.05 1.65 ± 0.54 1.2 0.5 Downes & Duerbeck (2000)
V1500 Cyg 89.823 -0.073 0.45 ± 0.07 2.0 ± 0.6 1.5 0.35 Slavin et al. (1995)
v446 Her 45.409 4.707 0.37 ± 0.04 1.5 ± 0.47 1.3 0.32 Cohen (1985)
CP Lac 102.141 -0.837 0.27 ± 0.06 1.67 ± 0.61 1.3 0.18 Cohen & Rosenthal (1983)
BT Mon 213.86 -2.623 0.24 ± 0.06 1.84 ± 0.47 1.8 0.23 Gill & O’Brien (1998)
V959 Mon 206.341 0.076 0.38 ± 0.06 2.3 ± 0.6 0.9-2.2 0.06-0.36 Linford et al. (2015)
CP Pup 252.926 -0.835 0.20 ± 0.04 1.44 ± 0.45 1.14 0.12 Downes & Duerbeck (2000)
V1280 Sco 351.331 6.553 0.32 ± 0.05 1.4 ± 0.9 1.6 0.38 Chesneau et al. (2008)
FH Ser 32.909 5.786 0.6 ± 0.1 1.0 ± 0.9 0.95 0.56 Gill (2000)
LW Ser 12.959 6.047 0.39 ± 0.1 1.27 ± 0.40 2.34 0.66 Cohen & Rosenthal (1983)
V382 Vel 284.167 5.771 0.12 ± 0.03 0.9 ± 0.2 0.8 0.11 Tomov et al. (2015)
LV Vul 63.303 0.846 0.57 ± 0.05 4.09 ± 0.22 2.5 0.32 Della Valle et al. (1998)
NQ Vul 55.355 1.29 0.92 ± 0.2 2.0 ± 0.5 1.6 0.78 Slavin et al. (1995)
QV Vul 53.858 6.974 0.4 ± 0.05 1.2 ± 0.3 2.7 0.52 Downes & Duerbeck (2000)
a References for expansion parallaxes.
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55 novae the total number of novae with accurately measured dis-
tances in our sample increases to 73. The distance values range
approximately from 0.7 to 11 kpc, which allows us to map the spa-
tial distribution of the Galactic novae. The Sun centred rectangular
Galactic coordinates of novae in our sample were also calculated
and their projected positions on the Galactic plane (X,Y plane) and
on plane perpendicular to it (X,Z plane) are shown in Fig. 8. From
their Galactic distribution, we conclude that our method effectively
works towards the Galactic bulge and up to a |z| < 0.5 kpc in the
Galactic plane, as excepted.
The reddening estimates of some novae exceed the
lower/upper limit of the reddening curve derived from 2MASS,
UKIDSS or VISTA photometry. In such cases, we conclude that
the distance of the nova should be lower/higher than the calculated
distance corresponding to the lower/upper limit of the reddening-
distance relation. The lower/upper limits of the calculated distances
are listed in Table 3. From Fig. 1, it can be seen that the galactic lat-
itudes of these novae are generally higher than |b| > 2◦, or they are
nearby. In both cases, extinction to the novae is low, making it diffi-
cult to produce an estimate from the RC photometry. Lower limits
of the distances indicate that these novae are generally more than
0.2 kpc away from the Galactic plane (Fig. 8).
5 CONCLUSIONS
In this paper, we measured distances of a large number of novae
utilizing a method that relies on the Galactic reddening-distance
relation for the line-of-sight of a given nova and its independent
reddening measurement. The specific reddening-distance relation
in the line of sight of a nova was derived using the unique properties
of the RC stars. Especially for directions within the thin disc of our
Galaxy, this method proves to be very effective that makes it easily
applicable to a sample of sources for which distances could not be
found using other methods, and it depends on only one parameter:
the reddening. Using this method, we were able to determine the
distances of 73 Galactic novae, and set lower limits on the distances
of another 46 systems. Although only a limited sample is available,
we compared our distance estimates with those found from the ex-
pansion parallaxes and concluded that the distances obtained from
the two methods are in agreement with each other within errors.
The Galactic novae in our study are mainly located towards
the Galactic bulge and concentrate close to the Galactic plane with
typical vertical distances of |z| 6 0.3 kpc. This distribution is con-
sistent with the Galactic structure analyses of novae, which resul-
ted in a scale height of ∼ 125 pc (Duerbeck 1981; Della Valle et
al. 1992; Özdönmez et al. 2015). Nevertheless, the galactic distri-
bution of novae in our study could simply be a result of the obser-
vational selection effects, since our distance measurement method
works effectively only for the novae within the Galactic disc, espe-
cially towards the bulge.
In the distance calculations presented here, the largest un-
certainty arises from the uncertainties in the reddening estimates.
Thus, we considered all the reddening estimates for a particular
nova and compared them. Some novae have only one or a rather
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Table 2. The distances of novae for which expansion parallax could not be estimated. The column definitions are the same as in Table 1.
Object l b E(B − V) dc Object l b E(B − V) dc
(◦) (◦) (mag) (kpc) (◦) (◦) (mag) (kpc)
CI Aql 31.688 -0.812 0.92 ± 0.22 3.0 ± 0.5 V1187 Sco 355.724 1.451 1.56 ± 0.08 3.2 ± 0.12
V1301 Aql 40.225 -3.68 0.61 ± 0.05 2.2 ± 0.3 V1309 Sco 359.786 -3.135 0.55 ± 0.05 2.5 ± 0.4
V1493 Aql 45.908 2.155 0.57 ± 0.14 1.72 ± 0.66 V1324 Sco 357.425 -2.872 1.16 ± 0.12 4.3 ± 0.9
V1721 Aql 40.972 -0.083 3 ± 0.6 7.5 ± 2.0 V745 Sco 357.358 -3.999 0.84 ± 0.15 3.50 ± 0.85
OY Ara 333.902 -3.937 0.32 ± 0.06 1.32 ± 0.7 V977 Sco 357.603 -2.998 0.92 ± 0.1 3.3 ± 0.6
V1065 Cen 293.984 3.613 0.47 ± 0.05 3.3 ± 0.5 V992 Sco 343.824 -1.602 1.3 ± 0.1 2.63 ± 0.35
V868 Cen 309.508 -1.028 1.72 ± 0.1 5.2 ± 0.4 V368 Sct 24.669 -2.629 0.5 ± 0.1 1.94 ± 0.95
AR Cir 317.039 -0.372 2.0 ± 0.4 3.15 ± 0.56 V443 Sct 27.218 -2.421 0.40 ± 0.05 1.4 ± 0.5
BY Cir 315.022 -3.723 0.13 ± 0.06 0.99 ± 0.22 V476 Sct 24.741 1.213 1.9 ± 0.1 11.3 ± 1.9
V394 CrA 352.822 -7.723 0.2 :2.0 V496 Sct 25.284 1.768 0.57 ± 0.07 3.2 ± 0.8
Q Cyg 89.929 -7.552 0.26 ± 0.06 1.22 ± 0.9 MU Ser 14.066 5.555 0.4 ± 0.1 0.73 ± 0.53
V2274 Cyg 73.041 1.991 1.33 ± 0.1 9.0 ± 2.0 WY Sge 53.368 -0.739 1.6 ± 0.3 4.2 ± 0.4
V2275 Cyg 89.317 1.391 1.0 ± 0.1 3.62 ± 0.47 V1172 Sgr 7.639 3.336 0.4 ± 0.08 0.86 ± 0.14
V2467 Cyg 80.069 1.842 1.4 ± 0.2 1.5 ± 0.3 V4077 Sgr 7.427 -8.319 0.32 ± 0.03 1.6 ± 1
V2468 Cyg 66.808 0.245 0.78 ± 0.1 6.8 ± 1.0 V4160 Sgr 0.2 -6.968 0.35 ± 0.04 1.85 ± 1.2
V2491 Cyg 67.229 4.353 0.23 ± 0.01 2.1 ± 1.4 V4169 Sgr 4.558 -6.964 0.35 ± 0.05 1.9 ± 0.7
V407 Cyg 86.983 -0.482 0.55 ± 0.05 3.5 ± 0.3 V4332 Sgr 13.628 -9.4 0.32 ± 0.1 1.14 ± 1.0
IM Nor 327.098 2.485 0.8 ± 0.2 2.4 ± 0.8 V4444 Sgr 3.817 -3.388 0.45 ± 0.1 2.27 ± 0.58
V382 Nor 332.29 -0.995 0.85 ± 0.15 4.0 ± 0.53 V4633 Sgr 5.128 -6.231 0.26 ± 0.05 1.36 ± 0.46
V2214 Oph 355.372 5.724 0.73 ± 0.1 2.6 ± 1.0 V4643 Sgr 3.346 -0.337 1.47 ± 0.2 3.1 ± 0.2
V2295 Oph 2.378 6.973 0.75 ± 0.2 1.6 ± 1.3 V5113 Sgr 3.721 -4.091 0.1 ± 0.02 0.95 ± 0.21
V2487 Oph 6.604 7.775 0.38 ± 0.08 1.08 ± 0.28 V5115 Sgr 6.046 -4.567 0.53 ± 0.05 3 ± 1
V2576 Oph 356.2 5.369 0.62 ± 0.12 1.8 ± 1 V5116 Sgr 2.136 -6.833 0.23 ± 0.06 1.6 ± 0.8
V2615 Oph 4.148 3.302 0.95 ± 0.15 2.1 ± 0.8 V5117 Sgr 3.337 -1.429 0.5 ± 0.1 1.45 ± 0.33
V2672 Oph 1.019 2.529 1.6 ± 0.1 3.12 ± 0.69 V5558 Sgr 11.611 0.207 0.8 ± 0.1 2.1 ± 0.4
V2674 Oph 357.842 3.579 0.7 ± 0.1 1.65 ± 0.38 V732 Sgr 2.529 -1.188 0.81 ± 0.16 3.0 ± 0.2
V972 Oph 359.376 2.428 0.5 ± 0.1 0.87 ± 0.15 CK Vul 63.383 0.99 0.75 ± 0.05 4.48 ± 0.24
V529 Ori 188.935 -1.937 0.32 ± 0.02 1.29 ± 0.35
crude reddening estimate, which may not represent the actual value
owing to blending effect, contamination of extra reddening from
dust in the expansion shell, low resolution observations, underes-
timated coefficient of calibration between any spectral line or col-
our. For example, reddening estimates of V5558 Sgr, BY Cir and
V2295 Oph (see Appendix A for details) vary in a large range, be-
cause different extinction measurement methods result in different
values, which lead to different distances. For these systems, the
distances estimated from the distance-reddening relations in this
study can not be reliable. Nevertheless, for novae which have more
than one reddening measurement, standard deviation of the redden-
ing differences from the mean was calculated as 0.20 mag, which
is roughly consistent with the mean value of the reddening errors
(∼ 0.12). Future spectroscopic observations of a large sample of
novae are needed to decrease the uncertainty of reddening estim-
ates.
Determination of distances of Galactic novae in such a sys-
tematic way has several important implications on understanding
the spatial distribution, luminosity function of these systems. For
example, as mentioned earlier, the existence of an MMRD relation
for the Galaxy has long been questioned. Using the Galactic nova
sample with distances calculated in this study and parameters of the
outburst light curves, the MMRD relation of Galactic novae can be
examined. Such a study is out of the scope of this paper but will
be presented elsewhere. In addition, the distance-reddening maps
derived for 119 novae can also be used to estimate reddening or
distance for any source whose location is close to the position of a
nova in our sample.
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APPENDIX A: INDIVIDUAL OBJECTS
This section presents the summary and discussions of earlier inter-
stellar reddening and distance measurements for each nova used in
this study.
A1 Sources with Expansion Parallax Measurements
A1.1 V1229 Aql
The distance and reddening of V1229 Aql have been well-
determined. della Valle & Duerbeck (1993) adopted an average
value of reddening as E(B − V) = 0.50 ± 0.08 mag from various
reddening estimates: E(B−V) = 0.49±0.05 mag via a comparison
of observed colour of nova with intrinsic colours, E(B − V) = 0.79
mag from Hα/Hβ, E(B − V) = 0.36 mag from He i λ5876/λ4471,
E(B − V) = 0.25 mag from λ6678/λ4471, E(B − V) = 0.65 and
0.30 mag both from the equivalent widths of Na i lines. Further-
more, della Valle & Duerbeck (1993) determined the distance of
V1229 Aql as d = 2.1 ± 0.9 kpc from the shell parallax method.
Duerbeck (1981) obtained the reddening of the nova as E(B−V) =
0.52±0.13 mag from the interstellar line strengths, and the distance
as d = 1.73 pc from expansion velocities based on the Ca ii K line.
Finally, E(B−V) = 0.59± 0.02 mag was given by Miroshnichenko
(1988) based on intrinsic colour of the nova during the stabilization
stage. Since the reddening evolution is nearly constant at ∼ 0.6 mag
for the distances higher than 4 kpc, we can only set a lower limit on
the distance of V1229 Aql for the reddening estimates larger than
0.6 mag. In this study, we adopted the E(B−V) = 0.50±0.08 mag,
given by della Valle & Duerbeck (1993), which is in a good agree-
ment with that reported by Duerbeck (1981) and Miroshnichenko
(1988). Using this value, we calculated the distance of V1229 Aql
as dc = 2.5 ± 0.6 kpc, which is consistent with the 2.4 kpc given
by Shafter (1997) from expansion velocities in Cohen & Rosenthal
(1983); Cohen (1985), and 2.1 ± 0.9 kpc obtained by della Valle &
Duerbeck (1993), within the uncertainties of the measurements.
A1.2 V1494 Aql
Iijima & Esenoglu (2003) used the equivalent widths of the inter-
stellar absorption components of Na i D1 and D2, and estimated the
interstellar reddening towards V1494 Aql as E(B − V) = 0.6 ± 0.1
mag, which is consistent with 0.66 mag obtained by Arkhipova
et al. (2002) from spectral line ratios. We used the reddening as
E(B − V) = 0.6 ± 0.1 mag and than calculated the distance of
V1494 Aql as dc = 2.2±0.7 kpc. This result is larger than 1.2±0.2
kpc given by Barsukova et al. (2013) from the expansion velocity
of ∼ 0.24 arcsec/year which depends on only one structure around
Hα emission line.
A1.3 T Aur
The reddening of T Aur has been reported by many authors (Galla-
gher et al. 1980; Duerbeck 1981; Warner 1987; Gilmozzi, et al.
1994; Bruch & Engel 1994; Diaz & Bruch 1997; Shafter 1997;
Downes & Duerbeck 2000; Selvelli 2004; Puebla et al. 2007;
Selvelli & Gilmozzi 2013). Selvelli & Gilmozzi (2013) recently
calculated the reddening as E(B − V) = 0.42 ± 0.08 mag, using
2200 Å feature. Using the distance of T Aur as d = 0.96± 0.22 kpc
from the expansion parallax given by Slavin et al. (1995), we also
obtained the reddening as E(B − V)c = 0.36 mag, which is consist-
ent with that given by Selvelli & Gilmozzi (2013), within errors.
We used E(B − V) = 0.42 ± 0.08 mag to calculate the distance of
T Aur as dc = 1.08 ± 0.37 kpc, in agreement with 960 ± 220 pc by
(Slavin et al. 1995), as well.
A1.4 V705 Cas
The reddening towards V705 Cas was estimated by Hric et al.
(1998) to be E(B − V) = 0.38 and 0.43 mag, from an inter-
comparison of the colour indices of the stars surrounding the
nova and using intrinsic colours at the stabilization stage (Mirosh-
nichenko 1988), respectively. However Hachisu & Kato (2014)
mentioned that colour excesses at maximum and t2 (data taken from
Hric et al. 1998) indicate E(B−V) = 0.33 and 0.36 mag, and adop-
ted E(B−V) = 0.45±0.05 mag calculated from colour-colour evol-
ution of the nova in their study. Hauschildt et al. (1994) assumed
MNRAS 461, 1177–1201 (2016)
The Distances of the Galactic Novae 13
that the total (optical + UV) luminosity during the initial outburst
is constant, and than obtained E(B − V) = 0.5 mag. On the other
hand, Arkhipova et al. (2000) used the Balmer decrement and stat-
istical relations to estimate the reddening as E(B − V) = 0.98 and
0.7 mag, respectively. We did not take into account the reddening
estimate given by Arkhipova et al. (2000), since they concluded
that the discrepancy between these two values could result from
the reddening owing to circumstellar dust shell and their values
systematically exceed other estimates. Another adopted reddening
value for V705 Cas was reported as 0.67 mag by El’Kin (1995),
who used the colour excess at maximum. The information about
reddening estimates given above indicate two mean reddening val-
ues E(B − V) = 0.41 ± 0.06 and 0.84 ± 0.14 mag. By using these
mean values, we calculated the distance to be dc = 2.2 ± 1.3 and
dc > 5 kpc, respectively. Note that the reddening evolution after
2 kpc becomes shallow leading the upper limit of the distance to
be uncertain. The smaller distance calculated here is much more
consistent with distances from earlier expansion parallax measure-
ments as 2.9 (Diaz et al. 2001) and 2.5 kpc (Eyres et al. 1996). Thus
we conclude that the reddening and distance of V705 Cas are the
most likely E(B − V) = 0.41 ± 0.06 mag and dc = 2.2 ± 1.3 kpc,
respectively.
A1.5 V842 Cen
The mean interstellar reddening towards the moderately fast nova
V842 Cen was given as E(B − V) = 0.55 ± 0.05 mag from Hα/Hβ
ratio (de Freitas Pacheco et al. 1989), from equivalent width of the
NaI D lines (Sekiguchi et al. 1989) and from the 2200 Å feature
(Andrea et al. 1991). Using this reddening estimate, we calculated
the distance of V482 Cen as dc = 1.65 ± 0.54 kpc, which is in
agreement with 1.2 ± 0.1 and 1.3 ± 0.5 kpc (Downes & Duerbeck
2000; Gill & O’Brien 1998) obtained from expansion parallaxes,
within the uncertainties.
A1.6 V1500 Cyg
V1500 Cyg is a well-known and extremely fast nova. The interstel-
lar reddening towards V1500 Cyg has been calculated in a number
of studies; Tomkin, et al. (1976) derived E(B−V) = 0.45±0.07 mag
from interstellar KI 7699 Å line while McLean (1976) used optical
polarization to determine E(B − V) = 0.45 ± 0.02 mag which is
the same as found by Hachisu & Kato (2014) from colour-colour
evolution. These values are in agreement with that estimated by
Ferland (1977) who compared observational and theoretical flux
ratio to derive the colour excess E(B − V) = 0.5± 0.05 mag. Wu
& Kester (1977) calculated a reddening of 0.69 ± 0.03 mag from
the 2200 Å feature. Although estimation of the reddening from
the 2200 Å feature gives reliable results, this feature could be af-
fected by line emission as mentioned in Ferland (1977). Thus, it
can be concluded that the reddening is less than 0.57 mag. There-
fore we adopted the reddening to be E(B − V) = 0.45 ± 0.07 mag
given by Tomkin, et al. (1976), which is consistent with that given
above except the value obtained from the 2200 Å feature. Using the
reddening-distance relation obtained in this study, we calculated the
distance of V1500 Cyg as 2.0 ± 0.6 kpc which is consistent with
those found by Slavin et al. (1995, 1.5 kpc) and Wade et al. (1991,
1.56 and 2.11 kpc) within errors.
A1.7 V446 Her
The reddening towards V446 Her was determined as E(B − V) =
0.46 ± 0.04 mag from the value at the stabilization stage (Mirosh-
nichenko 1988), 0.40 ± 0.05 mag from colour-colour evolution
(Hachisu & Kato 2014), 0.35 (Gilmozzi, et al. 1994), 0.25 (Selvelli
2004) and 0.38 ± 0.04 mag (Selvelli & Gilmozzi 2013) from the
2200 Å feature. We adopted the mean of these estimates, 0.37±0.04
mag, as the reddening of V446 Her. This mean value is in agree-
ment with the results of Selvelli & Gilmozzi (2013), which depends
on more reliable methods. Using this mean reddening, we derived
a distance of dc = 1.50 ± 0.47 kpc, which is in agreement with the
distance calculated from the expansion parallax by Cohen (1985),
d = 1.3 kpc, within errors.
A1.8 CP Lac
The interstellar reddening of CP Lac was estimated as E(B − V) =
0.26 mag from Na i lines (Cohen & Rosenthal 1983) and as 0.28 ±
0.06 mag from the 2200 Å feature (Selvelli & Gilmozzi 2013). We
used the mean value of these estimates as E(B − V) = 0.27 ± 0.06
mag and calculated the distance of CP Lac to be dc = 1.67 ± 0.61
kpc, which is in agreement with d = 1.3 kpc estimated from expan-
sion parallax (Cohen & Rosenthal 1983)
A1.9 BT Mon
Using the 2200 Å feature, Selvelli & Gilmozzi (2013) calculated
the colour excess as E(B − V) = 0.24 ± 0.06 mag. Since their UV
spectral analysis for 18 old novae supersede the previous ones de-
rived in earlier studies (Gilmozzi, et al. 1994; Selvelli 2004), we
adopted E(B − V) = 0.24 ± 0.06 mag (Selvelli & Gilmozzi 2013)
and calculated the distance of BT Mon as dc = 1.84 ± 0.47 kpc,
which is in good agreement with d = 1.8 kpc estimated using ex-
pansion parallaxes (Marsh et al. 1983; Gill & O’Brien 1998).
A1.10 V959 Mon
Munari et al. (2013) investigated the expansion evolution of this
new nova, Nova Mon 2012, and estimated the interstellar reddening
as E(B − V) = 0.38 ± 0.01 mag from the equivalent width of the
Na i line. A preliminary estimate was given as E(B−V) = 0.30 mag
by Munari et al. (2012). This estimate is smaller than E(B − V) =
0.8 ± 0.05 mag obtained from the hydrogen column density (Shore
et al. 2013), which indicates a distance of dc > 6 kpc. Using E(B −
V) = 0.38± 0.01 mag, the distance of V959 Mon was calculated as
dc = 2.3±0.6 kpc in this study. Linford et al. (2015) investigated the
ejecta of V959 Mon to obtain the expansion parallax. In their study,
non-spherical expansion implies a distance between 0.9 ± 0.2 and
2.2±0.4 kpc. They noted that the most probable distance is 1.4±0.4
kpc. Our result is consistent with upper limit given by Linford et al.
(2015).
A1.11 CP Pup
The interstellar reddening towards CP Pup has been reported to
be in the 0.20−0.26 mag range by a number of authors (Duerbeck
1981; Gilmozzi, et al. 1994; Bruch & Engel 1994; Diaz & Bruch
1997; Downes & Duerbeck 2000; Selvelli 2004; Puebla et al. 2007;
Selvelli & Gilmozzi 2013) based on galactic extinction maps and
the 2200 Å feature. Among these studies, the one by Selvelli &
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Gilmozzi (2013) is especially important since their new measure-
ments are based on the 2200 Å feature, and they indicate a redden-
ing of E(B− V) = 0.20 ± 0.04 mag. From this value, we calculated
the distance of CP Pup to be dc = 1.44±0.45 kpc using a field with a
radius of 1.2 deg on the 2MASS CMD. Despite the fact that we had
to use a relatively larger field of view, our result is consistent with
the 1.14 kpc given by the last expansion parallax study (Downes &
Duerbeck 2000), and previous distance estimates (Duerbeck 1981;
Williams 1982; Gill & O’Brien 1998) that placed CP Pup at dis-
tances of 1.5, 1.6, and 1.8 ± 0.4 kpc, respectively. Since, Cohen &
Rosenthal (1983) neglected the shell geometry, which resulted in
a smaller expansion velocity, the distance estimate of 0.85 kpc in
their study is smaller than ours and others. So, we conclude that our
result is reliable.
A1.12 V1280 Sco
Chesneau et al. (2008) assumed that the secondary star of V1280
Sco have a temperature of T = 7000 K and colour as B − V ∼0/0.3
mag (for an A or F spectral type star), and estimated the reddening
as E(B − V) = 0.3 mag from the difference between observed and
spectral colours. This estimate is consistent with E(B − V) = 0.35
mag given by Hachisu & Kato (2016a) using the intrinsic colour of
V1280 Sco. However, Puetter et al. (2007) calculated the reddening
of V1280 Sco as E(B−V) = 1.7 mag from O i lines, but they noted
that the estimated reddening is due in part to the dust shell. This
measurement indicates that the distance of V1280 Sco should be
larger than 5 kpc according to reddening-distance relation obtained
in this study. In addition, we estimated the reddening as 0.25 and
0.38 mag for the distances of 1.1 (Naito et al. 2012) and 1.6 kpc
(Chesneau et al. 2008) obtained from expansion parallaxes. There-
fore, we used mean reddening as E(B− V) = 0.32 ± 0.05 mag, and
calculated the distance of V1280 Sco as dc = 1.4 ± 0.9 kpc, which
is in good agreement with the estimates given by Naito et al. (2012)
and Chesneau et al. (2008) within uncertainties.
A1.13 FH Ser
Della Valle et al. (1997) investigated the reddening towards FH Ser
through three methods: E(B − V) = 0.82 mag using the colour
of the nova at maximum, 0.61 mag from the line ratio of Hα/Hβ,
0.5 mag from the equivalent width of Na i λ5890. Della Valle et
al. (1997) adopted an averaged value of E(B − V) = 0.64 ± 0.16
mag which is in agreement, within errors, with both the 0.6 mag by
Kodaira (1970), which was obtained from the interstellar reddening
relation and 0.74 mag adopted by Weight et al. (1994). Hachisu &
Kato (2014) adopted a similar reddening for FH Ser as E(B− V) =
0.6 mag obtained from the intrinsic colour evolution of this nova.
In addition, Hutchings & Fisher (1973) calculated E(B − V) ∼ 0.9
mag obtained from the diffuse interstellar lines at λ5780 and λ5796
in the early post-maximum of FH Ser, but this value is higher than
others. We derived the reddening-distance relation and obtained a
distance of dc = 1.0 ± 0.9 kpc, using E(B − V) = 0.6 ± 0.1 mag,
which is consistent with the spectroscopic reddening measurement
and intrinsic colour evolution given above. Our result is in very
good agreement with 950 ± 50 pc (Gill 2000) obtained from new
HST and ground-based observations, and also consistent with other
measurements that were obtained from expansion parallaxes; 920±
130 pc (Slavin et al. 1995), 870 ± 90 pc (Della Valle et al. 1997)
and 850 ± 50 pc (Duerbeck 1992) , respectively.
A1.14 LW Ser
Gehrz et al. (1980) analysed the expansion evolution of LW Ser,
and they adopted E(B − V) ∼ 0.32 mag corresponding to the vis-
ible maximum of expansion. Cohen & Rosenthal (1983) also ad-
opted E(B − V) = 0.32 mag. The reddening towards LW Ser was
also estimated by Prabhu (1987) as E(B − V) = 0.52 mag from
intrinsic colour in 15th day after maximum. However the interstel-
lar reddening for this nova is not determined using spectroscopic
methods, we adopted an arithmetic mean of photometric estimates
as E(B − V) = 0.39 ± 0.1 mag, and obtained the distance of LW
Ser as dc = 1.27±0.40 kpc. The calculated distance depends on the
first points in the reddening curve, but interstellar extinction models
of galaxia and Drimmel are consistent with our relation. Thus, we
conclude that the distance is 1.27 kpc. However, our result is much
smaller than 2.34 (Cohen & Rosenthal 1983) and 5 kpc (Gehrz et
al. 1980) obtained from expansion parallaxes. For these parallaxes,
interstellar reddening has to be 0.66 and 0.72 mag, respectively.
A1.15 V382 Vel
V382 Vel is a very fast nova identified as a neon nova (Woodward
et al. 1999). In this paper, the interstellar reddening towards V382
Vel was adopted to be E(B − V) = 0.12 ± 0.03 mag correspond-
ing to a mean value of the reddening estimates in the literature;
E(B−V) = 0.05 mag from various lines ratios and E(B−V) = 0.09
mag from Na i D equivalent width both given by della Valle et
al. (2002) , E(B − V) = 0.20 mag from flux ratio and spectra of
V382 Vel in Shore et al. (2003) , E(B − V) = 0.15 ± 0.05 mag
(Hachisu & Kato 2014, 2016a) from the colour-colour evolution ,
E(B−V) = 0.2 and 0.12 mag (Hachisu & Kato 2014) using the hy-
drogen column density given by Mukai & Ishida (2001) for various
coefficients of reddening-column density relation. Thus, we calcu-
lated the distance of V382 Vel to be dc = 0.9 ± 0.8 kpc. Note that,
our estimation is based on the first points of the reddening-distance
relation towards V382 Vel, and errors of the colour excesses ob-
tained from the RC stars in the relation is large. These make the
lower limit of the distance to be uncertain, and the error of the dis-
tance to be large. However, our result is consistent with 0.8 ± 0.1
kpc (Tomov et al. 2015) calculated from a velocity of the expanding
shell of about 1800 ± 100 km/s.
A1.16 LV Vul
Fernie (1969) used colour excesses of B stars towards LV Vul to
determine the reddening as E(B−V) = 0.6±0.2 mag which is con-
sistent with E(B−V) = 0.6±0.05 mag estimated by Hachisu & Kato
(2014) from the colour-colour evolution. Tempesti (1972) adopted
an intrinsic colour of (B − V)0,max = 0.35 mag (Schmidt 1957) to
obtain E(B−V) = 0.55 mag from the colour at maximum. The aver-
age value of these two colour excesses, E(B−V) = 0.57±0.05 mag,
placed LV Vul at a distance of dc = 4.09± 0.22 kpc using UKIDSS
photometry. Based on spectroscopic analysis of LV Vul, expansion
velocities were measured to be between 900 and 2700 km/s indic-
ating the distance 0.92 (Slavin et al. 1995) and 2.5 kpc (Della Valle
et al. 1998), respectively. Note that, Slavin et al. (1995) concluded
that the remnant is not sufficiently resolved to measure its expan-
sion velocity and angular size reliably. The distance estimated in
this study is larger than those measured from the expansion paral-
laxes. It is possible that the spherical shell assumption and poorly
resolved nova shell could reason for the distance to be calculated
lower than expected from the reddening value.
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A1.17 NQ Vul
The reddening towards NQ Vul was measured as E(B − V) =
0.7 ± 0.2 mag by Younger (1980) from the equivalent width of the
interstellar band at 6614 Å, E(B − V) = 0.8 mag by Yamashita
et al. (1977) from the comparison of colours of F super giants
with this nova, E(B − V) = 0.9 ± 0.3 mag by Martin & Maza
(1977) from the interstellar polarization, and E(B − V) = 1.2 ± 0.2
mag Carney (1977) from the interstellar CH and CH+ equivalent
widths. However Hachisu & Kato (2016a) re-analysed the colour-
colour evolution of NQ Vul, and they obtained the same redden-
ing as E(B − V) = 1.00 ± 0.05 mag as given in their previ-
ous study (Hachisu & Kato 2014). In addition to these estimates,
Klare & Wolf (1978) used three different methods to calculate red-
dening and distance of NQ Vul. They calculated E(B − V) = 6
0.56, 0.58, 0.9 mag from polarization–AV relation, blackbody–
angular diameter relation based on IR measurements and from in-
terstellar polarization, respectively. The proper distance of NQ Vul
was calculated as d = 1.16 ± 0.21 (Downes & Duerbeck 2000)
and 1.6 ± 0.8 using expansion parallaxes (Slavin et al. 1995). For a
mean of reddening estimates except lower ones given by Klare &
Wolf (1978), E(B − V) = 0.92 ± 0.2 mag, the distance was calcu-
lated as dc = 2.0 ± 0.5 kpc in this study, which is slightly larger
than the distance inferred from the expansion parallax.
A1.18 QV Vul
QV Vul was spectroscopically studied to obtain the reddening as
E(B−V) = 0.4±0.05 mag by Scott et al. (1994) and as E(B−V) =
0.4 mag by Andrea et al. (1994) both from recombination lines
of H and He, and the reddening map (Neckel & Klare 1980). The
reddening was also determined to be E(B − V) = 0.60 ± 0.05 mag
from nova–giant sequence (Hachisu & Kato 2014), and E(B−V) =
0.32 mag comparing photometric and spectroscopic behaviour of
QV Vul (Gehrze et al. 1992). We adopted the reddening of QV Vul
as E(B − V) = 0.4 ± 0.05 mag estimated spectroscopically, and
calculated the distance as dc = 1.2 ± 0.3 kpc, which is smaller than
the 2.7 kpc (Downes & Duerbeck 2000) value obtained using an
average velocity of the O iiiλ5007 and N ii λ6584 lines. For the
distance of 2.7 kpc (Downes & Duerbeck 2000), our reddening-
distance relation indicates the reddening of QV Vul as 0.52 mag.
A2 Sources without expansion parallax measurements
In this section, reddening measurements of the sources without an
expansion parallax measurement is presented.
A2.1 CI Aql
Iijima (2012a) derived the interstellar extinction as E(B − V) =
0.92 ± 0.15 mag from the average of six estimations obtained us-
ing diffuse interstellar absorption bands (DIB) and Na i D1 and D2
lines. Their result is in agreement with E(B − V) = 0.85 ± 0.3
mag given by Kiss et al. (2001) within the uncertainties, where
DIB at 5849 Å, 6613 Å, and Ca ii 3934 Å were used to calcu-
late a mean reddening value. Burlak & Esipov (2001) analysed
the Balmer decrement to obtain the interstellar reddening to be
E(B− V) = 0.91 ± 0.11 mag. Besides spectral estimations, Lederle
& Kimeswenger (2003) found a reddening towards CI Aql as
E(B − V) = 0.98 ± 0.1 mag using the mean values adopted in
the pre-outburst light curve model (Hachisu & Kato 2001, 2002,
E(B − V) = 0.85 mag, E(B − V) = 1.00 mag in the revised ver-
sion) and reddening estimates obtained from the spectral analysis
in the literature. In addition, Schaefer (2010) calculated the red-
dening as E(B − V) = 0.8 mag from intrinsic colours at t2. All
of these estimations are in agreement with each other except with
E(B − V) = 1.5 ± 0.15 mag obtained from the ratio of OI lines
(Lynch et al. 2004), and E(B−V) = 0.2 mag from the intrinsic col-
ours at max (Schaefer 2010). Note that Schaefer (2010) used res-
ults of Kiss et al. (2001). However, the reason of the disagreement
between results obtained from spectroscopic methods is not known.
We adopted a mean value of the spectroscopic estimates except the
value given by Lynch et al. (2004), E(B − V) = 0.92 ± 0.22 mag,
and calculated the distance of CI Aql as dc = 3.0 ± 0.5 kpc. In ad-
dition, its distance was also calculated as dc = 4.24± 0.3 kpc using
E(B−V) = 1.5±0.15 mag. These results are between d = 2.6±1.3
(Lynch et al. 2004) and 5.0+5.0−2.5 kpc (Schaefer 2010).
A2.2 V1301 Aql
van Genderen & Utterwaal (1979) derived the reddening towards
V1301 Aql from the colour-colour evolution and concluded that the
reddening cannot be larger than 0.8 mag. This value is consistent
with that given by Vrba et al. (1977), who adopted E(B−V) = 0.61
mag based on the reddening of objects near the nova. Using this
estimate we calculated the distance of V1301 Aql as dc = 2.2 ±
0.3 kpc. On the other hand, Miroshnichenko (1988) calculated the
reddening as E(B − V) = 0.9 ± 0.06 mag using their stabilization
stage method. This estimate is larger than the highest reddening in
our map, corresponding to a distance of dc > 7 kpc.
A2.3 V1493 Aql
Measurements of the reddening and distance towards this nova
have a high scatter. First of all, Bonifacio et al. (2000) assumed
E(B − V) = 0.33 ± 0.1 mag from the intrinsic colour of novae
two magnitudes below maximum, and calculated the distance to be
in the range 17.6-40.4 kpc using three different approaches. They
pointed out that the nova should be on the boundary or outside the
Galaxy. On the other hand, Arkhipova et al. (2002) compared hy-
drogen Balmer lines with the theoretical ones to obtain a redden-
ing of E(B − V) ∼ 1.56 ± 0.3 mag, and calculated the distance
as d = 4.3 ± 0.3 kpc. Venturini et al. (2004) used observed OI
8446, 11287, and 13164 Å line ratio to estimate the reddening as
E(B − V) = 0.57 ± 0.14 mag. Based on Della Valle’s MMRD re-
lation, they calculated the distance to be d = 25.82 ± 1.81 kpc.
Munari et al. (2008a) investigated the reddening towards V1493
Aql from the colour evolution and estimates in the literature, and
they adopted the reddening as 0.57 mag given in Venturini et al.
(2004). They also pointed that the odd colour evolution repor-
ted by Bonifacio et al. (2000) is highly suspicious. In addition,
Hachisu & Kato (2016a) investigated the colour-colour evolution
and reddening-distance relation of V1493 Aql and adopted the red-
dening as E(B − V) = 1.15 mag. Although, we calculated the dis-
tance of V1493 Aql as dc > 4.2 kpc using E(B − V) = 1.15 ± 0.2
mag, we adopted E(B − V) = 0.57 ± 0.14 mag which depends on
spectroscopic methods, and conclude that the distance of this ob-
jects is dc = 1.72 ± 0.66 kpc.
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A2.4 V1721 Aql
From a comparison with other novae at a similar early evolutionary
state, Helton et al. (2008) obtained the reddening towards V1721
Aql as E(B − V) = 3.0 mag, which implies dc = 7.5 ± 2.0 kpc .
A2.5 OY Ara
Zhao & McClintock (1997) determined the interstellar reddening
towards OY Ara as E(B − V) = 0.32 ± 0.06 mag using continuum
spectra of this nova. Since there is no other reddening estimation,
we adopted this reddening estimate and calculated the distance of
OY Ara as dc = 1.3 ± 0.7 kpc.
A2.6 V1065 Cen
V1065 Centauri (Nova Cen 2007) had a relatively bright nova out-
burst, which reached a maximum brightness of mV = 7.6 mag.
Heltone (2010) carefully analysed the spectroscopic evolution of
V1065 Cen and obtained the reddening using several methods:
E(B − V) = 1.05 ± 0.5 mag from the equivalent widths of Na i
DI line, E(B − V) = 0.29 ± 0.07 and 0.45 ± 0.06 mag from the
colour index at maximum and at t2, and E(B − V) = 0.79 ± 0.01
mag from the flux ratio of Hα/Hβ for the first 160 days after out-
burst. Although the equivalent widths of Na i lines give a precise
measurement of reddening, Heltone (2010) did not use these equi-
valent widths, since the spectral resolution was not enough to de-
cide whether these features are saturated or not. Hence, they ad-
opted a mean value of reddening as E(B − V) = 0.5 ± 0.1 mag
and calculated the distance to be 8.7 kpc from the MMRD rela-
tions of Della Valle et al. (1997). They also noted that the derived
distance for V1065 Cen may not be well constrained. In addition,
Hachisu & Kato (2016a) inferred the reddening towards V1065
Cen as E(B−V) = 0.45± 0.05 mag using the intrinsic colour evol-
ution of the nova, which is consistent with that given by Heltone
(2010). Therefore, we used the mean value of the two reddening
estimates given by Heltone (2010) and Hachisu & Kato (2016a)
as E(B − V) = 0.47 ± 0.05 mag, and calculated the distance to
be dc = 3.3 ± 0.5 kpc. Note that since reddening curve does not
clearly exceed the limits of the given reddening, the upper limit of
the distance is slightly uncertain.
A2.7 V868 Cen
The interstellar reddening towards V868 Cen was estimated to be
E(B−V) = 1.72±0.1 mag as an average value of the following res-
ults; 1.7 mag (Orio et al. 2001) from the column density of neutral
hydrogen and 1.63−1.87 mag (Williams 1994) from the H i and He
ii recombination lines. Using this average reddening, we calculated
the distance of V868 Cen as dc = 5.2 ± 0.4 kpc.
A2.8 AR Cir
Tappert et al. (20013) investigated spectra of AR Cir, and assumed
E(B − V) ∼ 2 mag after testing different values. This estim-
ate is not in agreement with Bruch & Engel (1994), who adop-
ted E(B − V) = 0.78 mag by comparing reddening measurements
from Neckel & Klare (1980) reddening map corresponding to mag-
nitudes and distances of AR Cir (Duerbeck et al. 1993). Although
a more reliable measurement of the reddening from the analysis
of interstellar lines is required, as also mentioned by Tappert et al.
(20013), we used E(B − V) = 2.0 ± 0.4 mag and calculated the
distance of this nova as dc = 3.15 ± 0.56 kpc.
A2.9 BY Cir
Greeley et al. (1995) concluded that the spectral lines at shorter
wavelengths show significant extinction, and they corrected their
fluxes using a reddening of E(B − V) = 0.11 mag based on the He
ii 1640/ He ii 1085 line ratio. However, Greeley et al. (1995) noted
that this reddening is only an approximation, since their corrected
fluxes strongly depend on the actual extinction curve. Additionally,
they used the intrinsic colour at outburst maximum and obtained a
reddening of E(B − V) = 0.15 ± 0.06 mag. They further analysed
their He ii flux with the presence of N ii airglow emission which
resulted in an upper limit of E(B − V) 6 0.56 mag. Evans et al.
(2002) used polarization in line of sight of this nova, and obtained
a distance for BY Cir greater than 2−2.5 kpc with E(B−V) > 0.55.
Hence, we conclude that the reddening towards BY Cir is uncer-
tain, since the discrepancy between the estimation of Greeley et al.
(1995) and Evans et al. (2002) is high. Considering all the estim-
ations mentioned above, we calculated three distances as 6 0.95,
1.0 ± 0.2 and > 3.25(−0.68) kpc. Since our reddening-distance re-
lation is in very good agreement with Drimmel and galaxia extinc-
tion curve, we adopted the distance as dc = 1.0 ± 0.2 kpc from the
first points in our relation using E(B−V) = 0.13±0.06 mag, which
is the mean value of results in Greeley et al. (1995).
A2.10 V394 CrA
Schaefer (2010) used a reddening value towards V394 CrA as
E(B − V) = 0.2 ± 0.2 mag by comparing their reddening estimates
obtained from the relation between observed colours and intrinsic
colours at the outburst maximum and at t2 with E(B−V) = 0.2 mag
given by Duerbeck (1988) from the reddening of objects near the
nova. Since the reddening given by Schaefer (2010) has a very large
error, we used the reddening of E(B−V) = 0.2 mag and calculated
an uncertain distance as dc = 2.0 kpc.
A2.11 Q Cyg
The interstellar reddening towards Q Cyg was obtained as E(B −
V) = 0.26±0.06 mag from the 2200 Å feature (Selvelli & Gilmozzi
2013), which is lower than previous estimates in the literature (see
Selvelli & Gilmozzi 2013). This estimate corresponds to a distance
of dc = 1.22 ± 0.9 kpc.
A2.12 V2274 Cyg
Rudy et al. (2003) estimated the reddening to be E(B − V) =
1.30±0.2 mag from the fluxes of three O i lines, which is consistent
with E(B − V) = 1.35 ± 0.1 mag (Hachisu & Kato 2014) obtained
from the colour-colour evolution of V2274 Cyg. They also used
Paschen lines to obtain E(B − V) = 1.47 ± 0.15 mag. We adopted
the mean of the reddening estimates except the one obtained using
Paschen lines, since the reddening does not climb up to 1.47 mag
in our reddening-distance relation constructed using the RC stars,
which extends up to 13 kpc (based on 2MASS photometry. The ad-
opted reddening value indicates a distance of dc = 9.0± 2.0 kpc for
V2274 Cyg, which is obtained from the last points in the reddening
curve.
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A2.13 V2275 Cyg
Kiss et al. (2002) express that the interstellar reddening towards
V2275 Cyg is well-determined using various methods and its mean
value was given as E(B − V) = 1.0 ± 0.1 mag. Thus, we adopted
this value as the colour excess of V2275 Cyg, which indicates dc =
3.62 ± 0.47 kpc using our distance estimation method.
A2.14 V2467 Cyg
Steeghs et al. (2007) estimated the interstellar reddening towards
V2467 Cyg as E(B − V) = 1.0 − 1.5 mag using the brightness and
colour of the progenitor, while Munari et al. (2007a) used equival-
ent width of the Na i D2 to obtain the reddening as E(B−V) = 0.31
mag. Using O i lines, the reddening of V2467 Cyg was estim-
ated as 1.5 and 1.7 mag by Mazuk et al. (2007) and Russell et al.
(2007b). Note that, Mazuk et al. (2007) concluded that the evid-
ence of dust formation does not exist in their spectra. In addition,
the reddening was estimated as E(B − V) = 1.16 ± 0.12 mag (Pog-
giani 2009) using intrinsic colour at t2, and E(B−V) = 1.38± 0.12
mag (Shugarov et al. 2010) from a comparison between the ob-
served and absolute magnitudes in maximum and interstellar ex-
tinction. Finally, Hachisu & Kato (2016a) obtained the reddening
as E(B−V) = 1.40±0.05 mag comparing intrinsic colours of V2467
Cyg with similar novae. All of these estimates are consistent with
each other except the one given by Munari et al. (2007a). We also
did not take this reddening measurement into account when calcu-
lating the mean reddening as E(B−V) = 1.40±0.2 mag. Using this
value, we calculated the distance of V2467 Cyg as dc = 1.5 ± 0.3
kpc.
A2.15 V2468 Cyg
Using O i lines, Raj et al. (2015) estimated the reddening toward
V2468 Cyg to be E(B − V) = 0.77 ± 0.15 mag which is in agree-
ment with Rudy et al. (2008a). Similar values were also calculated
from different methods; 0.8 mag (Schwarz et al. 2011b; Tarasova
2013) from the Balmer decrement method, 0.8 ± 0.1 mag (Iijima
& Naito 2011) using the relation between the interstellar reddening
and column density of hydrogen atoms converted from Na, 0.78
mag (Chochol et al. 2012) from intrinsic colour at t2, and 0.75±0.05
mag (Hachisu & Kato 2016a) by comparing intrinsic colour evolu-
tion of V2468 Cyg. Thus, we used E(B − V) = 0.78 ± 0.1 mag as
the mean reddening, which indicates a distance of dc = 6.8 ± 1.0
kpc.
A2.16 V2491 Cyg
The classical nova V2491 Cygni was classified as an extremely fast
nova (Tomov et al. 2008a) based on the observed rate of decline of
t2 ∼ 4.6 days (Tomov et al. 2008b). The interstellar reddening has
been estimated from the O i line ratio as E(B−V) = 0.3 mag (Lynch
et.al 2008b). Rudy et al. (2008b) used the same lines and concluded
that the reddening to be E(B−V) = 0.43 mag. Munari et al. (2011a)
studied the photometric and spectrometric evolution of V2491 Cyg
in detail, and adopted E(B − V) = 0.23 ± 0.01 mag based on three
measurements: E(B − V) = 0.24 mag from the equivalent widths
of the Na i line, and E(B − V) = 0.23 and E(B − V) = 0.22 mag
from intrinsic colour of novae at maximum and t2, respectively.
We adopted E(B − V) = 0.23 ± 0.01 mag (Munari et al. 2011a),
which was also adopted by Hachisu & Kato (2016a) comparing
colour evolution curves of V2491 Cyg, and calculated the distance
as dc = 2.1 ± 1.4 kpc.
A2.17 V407 Cyg
V407 Cyg had been classified as a symbiotic star, until when the
first recorded explosive mass ejection in 2010 resembled a clas-
sical novae (Maehara 2010). It is now known as a symbiotic recur-
rent novae with a RG secondary (Munari et al. 2011b). Munari et
al. (1990) obtained the reddening as E(B−V) = 0.57 mag based on
the modelling of the spectral energy distribution, while Shore et al.
(2011) found E(B−V) = 0.45±0.09 mag from the analyses of DIBs,
but adopted E(B−V) = 0.5±0.05 mag based on a comparison of dif-
ferent reddening values for different spectral types, DIB, and SED.
These results are consistent with E(B−V) = 0.61±0.05 mag (Iijima
2012b) obtained from the intrinsic colour of V407 Cyg. Thus, we
used E(B − V) = 0.55 ± 0.05 mag for V407 Cyg and calculated its
distance as dc = 3.50 ± 0.30 kpc.
A2.18 IM Nor
IM Nor is a recurrent nova, and was investigated by Schaefer
(2010) in detail. Although, Schaefer (2010) gave two reddening
estimates as 0.5 and 0.7 mag from intrinsic colour at maximum
and t2, respectively, they adopted the reddening towards IM Nor as
0.8± 0.2 mag, which is consistent with E(B−V) > 0.8 mag (Duer-
beck et al. 2002) and the range of 0.5-1.1 mag determined by (Orio
2005). We calculated the distance of IM Nor as 2.4± 0.8 kpc using
the crude reddening estimate adopted by Schaefer (2010).
A2.19 V382 Nor
The interstellar reddening towards V382 Nor is not well-
determined. Ness et al. (2007) used a Swift X-ray observation, and
obtained the reddening to be E(B−V) = 0.6−1.1 mag from the in-
ferred hydrogen column density. This value is consistent with that
found by Ederoclite et al. (2005) whose conclusion shows that the
saturated Na i interstellar lines refer to a high reddening. Since there
is no other estimation for the reddening of V382 Nor, we calculated
its distance to be within 3−5 kpc using the given reddening range,
and 4.0 ± 0.53 kpc from the mean value of 0.85 ± 0.15 mag.
A2.20 V2214 Oph
Lynch et al. (1989) adopted the interstellar reddening towards
V2214 Oph to be E(B − V) = 0.73 ± 0.13 mag, which is consist-
ent with E(B − V) = 0.74 ± 0.07 mag (Erwin et al. 1992) obtained
from the hydrogen line ratios. In addition, Williams (1994) used H i
and He ii recombination lines to estimate similar result as ∼ 0.65
mag. Using E(B − V) = 0.73 ± 0.13 mag, we determined the most
probable distance as dc = 2.6 ± 1.0 kpc.
A2.21 V2295 Oph
della Valle et al. (1994) investigated the interstellar absorption
towards V2295 Oph. First, they used the equivalent width of
Na D lines, which imply a reddening of E(B − V) = 0.75 ± 0.2
mag, while E(B − V) = 0.6 − 0.9 mag was estimated from in-
terstellar absorption bands. They adopted (B − V)0, max = −0.1
mag to obtain a colour excess of E(B − V) = 1.0 mag, which is
consistent with E(B − V) = 1.0 mag obtained from the hydrogen
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column density (della Valle et al. 1994). Using the column density
of the atomic hydrogen at 21 cm, della Valle et al. (1994) estimated
E(B−V) = 1.0 mag. Finally, they determined E(B−V) = 1.15 mag
from the Balmer decrement. Based on the estimations summarized
above, della Valle et al. (1994) adopted the reddening as E(B−V) =
0.9±0.2 mag towards V2295 Oph. Using E(B−V) = 0.9±0.2 mag,
the distance should be greater than 1.4 kpc, but the most possible
distance was determined as 2.1 kpc. We were able to calculate the
distance to be 1.64 ± 1.30 kpc using E(B − V) = 0.75 ± 0.2 mag.
Note that in this line of sight the reddening is nearly constant at
E(B − V) = 1.0 mag for distances larger than 2.5 kpc.
A2.22 V2487 Oph
From the observations of the O i at λ8446 and λ11287 lines, Lynch
et al. (2000) estimated the colour excess to be E(B−V) = 0.38±0.08
mag, indicating a distance of dc = 1.08 ± 0.28 kpc, which was also
adopted in our study. In addition, Schaefer (2010) used intrinsic
colours at outburst maximum and t2 to calculate the reddening to-
wards V2487 Oph as E(B−V) = 0.4 and 0.6 mag. These reddening
values indicate distances of 1.12 ± 0.33 and 1.91 ± 0.90 kpc, re-
spectively. Interestingly, the distance for this object as estimated
from the MMRD relation is found to be in the range 12-27.5 kpc
(Schaefer 2010; Lynch et al. 2000). However, our results show that
the distance of V2487 Oph should be 1-2 kpc.
A2.23 V2576 Oph
The interstellar reddening towards V2576 Oph was reported by
Russell et al. (2006) as 0.62 mag from infrared spectra. Using this
value, we calculated dc = 1.8 ± 1.0 kpc.
A2.24 V2615 Oph
The reddening prior to dust formation was determined to be E(B −
V) =1.0-1.3 mag using the strength of O i lines (Russell et al.
2007a). Munari et al. (2008b) calculated E(B− V) = 0.89 and 0.91
mag based on assumed intrinsic colours at maximum and t2, and
showed that the equivalent widths of interstellar Na i D lines imply
a lower limit of reddening to be E(B − V) > 0.7 mag. In addition,
Hachisu & Kato (2016a) compared intrinsic colour of V2615 Oph
with those of FH Ser, QV Vul, and V705 Cas, and obtained the
reddening as E(B − V) = 0.95 ± 0.05 mag. We adopted a median
reddening as E(B−V) = 0.95±0.15 mag and calculate the distance
of V2615 Oph as dc = 2.1 ± 0.8 kpc.
A2.25 V2672 Oph
V2672 Oph, which is an extremely fast nova, was discovered
at almost the maximum brightness. Munari et al. (2011c) adop-
ted an average value of the photometric and spectroscopic es-
timates of the reddening as E(B − V) = 1.6 ± 0.1 mag. Using
E(B−V) = 1.6± 0.1 mag, we calculated the distance of this object
as dc = 3.12 ± 0.69 kpc. Note that the distance strongly depends
on the assumed reddening for the direction of this nova, since the
reddening evolution is shallow for distances larger than ∼ 2.5 kpc.
A2.26 V2674 Oph
Munari et al. (2010b) obtained BVRcIc photometry of V2674 Oph,
and determined Vmax = 9.4 mag, and t2 = 18 and t3 = 31 days.
Munari et al. (2010b) also calculated the reddening towards V2674
Oph to be E(B − V) = 0.7 ± 0.1 mag using the mean intrinsic
colour (B − V)0 = +0.23 ± 0.06 mag at the time of maximum, and
(B−V)0 = −0.02±0.04 mag at t2 (van den Bergh & Younger 1987).
Using this reddening, the distance of this source was calculated as
dc = 1.65 ± 0.38 kpc.
A2.27 V972 Oph
In order to use in the distance estimation, we adopted the colour
excess of V972 Oph as E(B−V) = 0.5±0.1 mag (Zwitter & Munari
1996), which was derived from the strength of the Na i D absorption
lines. Note that there is no other reddening estimate reported in
the literature. We calculated the distance of V972 Oph to be dc =
0.87 ± 0.15 kpc. Since this distance estimation depends on the first
points in the reddening-distance relation towards V972 Oph, the
lower limit of the distance remains uncertain.
A2.28 V529 Ori
Two interstellar reddening estimates have been reported towards
the nova V529 Ori. Ringwald & Naylor (1997) obtained E(B−V) =
0.32 ± 0.02 mag from the visual component of V529 Ori under
the assumption that it is a K7 − M0 dwarf, while Schmidtobreick
et al. (2005) used the optical continuum and flux ratio Hα/Hβ to
determine E(B−V) = 1.5 mag. These results indicate very different
distances, dc = 1.29 ± 0.35 and dc > 7 kpc, respectively. Note that
based on the RC stars the reddening increases up to E(B − V) ∼
0.8 mag at the distance of ∼ 7 kpc in our study. The reddening
estimate given by Schmidtobreick et al. (2005) seems to be over-
calculated or the distance of V529 Ori is really at greater distances,
while the other method used to determine the reddening is not very
reliable. Schmidtobreick et al. (2005) concluded that several neutral
or easily excitable elements should be seen in the their spectra due
to high reddening. However, since no such lines are present, they
proposed that V529 Ori is a T Tauri star. Thus, the reddening and
identification of V529 Ori as a nova is doubtful, and this object
should be investigated in detail.
A2.29 V1187 Sco
Using the OI lines, Lynch et al. (2006a) derived a reddening of
E(B−V) = 1.56±0.08 mag, which is consistent with their previous
estimation of E(B − V) = 1.2 − 1.5 mag extracted from equivalent
widths of the Na i D lines. Lynch et al. (2006a) also analysed old
photographic plates to obtain the colour of V1187 Sco in outburst.
Intrinsic colour method indicates a reddening of E(B − V) = 1.3
mag, which is consistent with their previous determinations. Thus,
we used the colour excess of this nova as E(B − V) = 1.56 ± 0.08
mag and calculated its distance to be dc = 3.20 ± 0.12 kpc.
A2.30 V1309 Sco
Tylenda et al. (2011) recently showed that V1309 Sco is the first
merger between two convective stars to ever be observed and Nova
Sco 2008 have resulted from the merger of the two stars in the con-
tact binary. However, V1309 Sco is untypical nova, we analysed its
reddening estimates and calculated its distance. Mason et al. (2010)
calculated the average equivalent width of Na K i λ7699 interstellar
line from 18 different spectra, and determined the reddening to be
E(B − V) = 0.55 mag for V1309 Sco in outburst. Tylenda et al.
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(2011) adopted E(B − V) = 0.8 mag by comparing BVRI photo-
metry and spectral type of the secondary star. Because it is based
on a more reliable method, we here adopted E(B−V) = 0.55±0.05
mag (Mason et al. 2010) and calculated the distance of this object
as dc = 2.5 ± 0.4 kpc.
A2.31 V1324 Sco
Nova Sco 2012 (V1324 Sco) was discovered in May 2012 while
its outburst had just began. Thus, its light curve is well-determined.
Munari et al. (2015b) used intrinsic colour of V1324 Sco at the out-
burst max and t2, and obtained the reddening as E(B − V) = 1.21
and 1.25 mag, respectively. They adopted an average of 1.23 mag,
which is good agreement with E(B − V) = 1.23 ± 0.15 mag de-
rived by Finzell et al. (2015) from total equivalent widths of the
Na i D and KI absorption lines. Finzell et al. (2015) also used
another independent method of equivalent widths of DIBs to de-
termine E(B − V) = 1.07 ± 0.20 mag, and adopted E(B − V) =
1.16 ± 0.12 mag. Since reddening estimates given by Finzell et al.
(2015) depend on high resolution spectra of V1324 Sco, we adop-
ted E(B − V) = 1.16 ± 0.12 mag, which results in a distance of
dc = 4.3± 0.9 kpc. Note that our result depends on the last point of
reddening curve, and any reddening estimate higher than ∼1.4 mag
will change the distance of V1324 to a lower limit of dc > 5 kpc.
A2.32 V745 Sco
Orio et al. (2015) investigated the X-ray spectrum of the recur-
rent nova V745 Sco, and inferred the hydrogen column density as
NH = (6.9 ± 0.9) × 1021 cm−2, which corresponds to a reddening
of E(B − V) = 1.0 mag using the relationship between reddening
and hydrogen column density as E(B − V) = NH/6.8 × 1021 cm−2
(Güver & Özel 2009). However, Hachisu & Kato (2016a) obtained
the reddening as E(B − V) = 0.83 ± 0.1 mag using the column
density and reddening relation given by Orio et al. (2015) and Liszt
(2014), respectively. But, they adopted E(B − V) = 0.70 mag from
the comparison of their colour-colour diagram of V745 Sco and
reddening maps. We adopted a mean value of the reddening estim-
ates given above as E(B − V) = 0.84 ± 0.15 mag, and calculated
the distance of V745 Sco to be dc = 3.5 ± 0.85 kpc. In addition to
these estimates, Williams (1994) used H i and He ii recombination
lines and obtained higher reddening values as 1.22 and 1.13 mag,
respectively, which results in distances larger than 4.5 kpc.
A2.33 V977 Sco
Williams (1994) adopted E(B − V) = 1.05 ± 0.09 mag obtained as
an average value of reddening estimates in range of 0.97-1.31 mag,
which were derived from HI and H ii recombination lines, while
Andrea et al. (1994) used the same spectral lines and calculated the
reddening to be E(B − V) = 0.8 mag. We used the mean of these
results as E(B − V) = 0.92 ± 0.10 mag, and calculated the distance
to be dc = 3.3 ± 0.6 kpc.
A2.34 V992 Sco
Interstellar reddening towards V992 Sco was calculated only by
Williams (1994) as E(B − V) = 1.33 and 1.26 mag from the H i
and He ii lines, respectively. We used E(B − V) = 1.3 ± 0.1 mag to
obtain dc = 2.63 ± 0.35 kpc.
A2.35 V368 Sct
The Nova Scuti 1970 (V368 Sct) was discovered at a brightness
of V = 6.9 mag. Although V368 Sct is an old nova, the inter-
stellar reddening in the direction of this system has been studied
only once. Ciatti & Rosino (1974) investigated V368 Sct photo-
metrically and spectroscopically, and estimated the reddening as
E(B − V) = 0.5 mag. However they stated that this colour excess
is uncertain. Therefore, the distance calculated as dc = 1.94 ± 0.95
kpc in our study is also uncertain.
A2.36 V443 Sct
The interstellar reddening towards V443 Sct has been examined
in detail. Anupama et al. (1992) adopted E(B − V) = 0.4 mag
from four estimations: E(B − V) = 0.41 ± 0.03 mag from the
Balmer/Paschen line ratios, > 0.07 mag from polarization, > 0.25
mag from colour index of the expansion light curve, and 6 0.9
mag from the comparison with globular cluster NGC 6705. Willi-
ams (1994) obtained the reddening of V443 Sct to be 0.57−1.1 mag
from H and He recombination lines, which indicate a mean redden-
ing as 0.85 mag, but Andrea et al. (1994) obtained E(B−V) = 0.30
mag from recombination lines of H and He. Finally, Hachisu &
Kato (2014) estimated E(B − V) = 0.40 ± 0.05 mag from the
colour-colour evolution of V443 Sct, with respect to only several
data points after optical maximum. The reddening estimate given
by Williams (1994) could be over-estimated, since it is much higher
than the maximum value reached in our reddening curve for the
direction of V443 Sct and other reddening estimates given above.
Thus, we used a median reddening as E(B − V) = 0.40 ± 0.05 mag
without taking into account the one given by Williams (1994), and
calculated the distance of V443 Sct as dc = 1.4 ± 0.5 kpc.
A2.37 V476 Sct
We adopted the interstellar reddening as E(B − V) = 1.9 ± 0.1
mag, which is the mean value of the reddening estimates of 1.8
mag from the intrinsic colour method at t2 (Munari et al. 2006)
and 2.0 mag indicated by O i lines (Perry et al. 2005). Note that,
Munari et al. (2006) concluded that the equivalent width of the DIB
at 6614 Å implies a massive reddening affecting the nova. For the
direction of V476 Sct, we obtained a heavily reddened UKIDSS
CMD indicating a distance of dc = 11.3± 1.9 kpc, which locate the
system beyond the edge of bulge.
A2.38 V496 Sct
Raj et al. (2012) obtained the interstellar reddening towards V496
Sct as E(B−V) = 0.57±0.06 mag from intrinsic colour of the nova
at outburst maximum of outburst, and E(B − V) = 0.65 mag using
interstellar Na i line. The reddening was also determined as E(B −
V) = 0.50 mag by Hachisu & Kato (2016a) from intrinsic colour
evolution of V496 Sct. The reddening estimates are in the range of
0.50−0.65 mag, which indicate that the distance is between 2.5 and
2.9 kpc as calculated from the reddening-distance relation towards
V496 Sct in this study. For a mean value of the estimates given by
Raj et al. (2012) and Hachisu & Kato (2016a), E(B−V) = 0.57±0.7
mag, we calculated the distance of V496 Sct as dc = 3.2 ± 0.8 kpc.
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A2.39 MU Ser
The interstellar reddening towards MU Ser is not well-known.
There is only one estimate: E(B − V) = 0.4 ± 0.1 mag which
was determined by Wargau et al. (1983) from the UV continuum
behaviour. Using this reddening, we calculated the distance as
dc = 0.72±0.53 kpc. However, this calculation depends on the first
point of reddening-distance relation although it is consistent with
the theoretical ones (Drimmel et al. 2003; Sharma et al. 2011).
A2.40 WY Sge
Kenyon & Berriman (1988) investigated infrared colours, spectral
type of the secondary, and visual absolute magnitude at max, and
found the reddening to be in range of 0.32−1 mag, which is the
same as found by Somers et al. (1996), who calculated the red-
dening as 0.39-1 mag by comparing observed colours of WY Sge
with theoretical ones. A simple average of these estimates, 0.67
mag, is consistent with the generally adopted reddening of 0.6
mag in other studies (Harrison & Gehrz 1988; Orio et al. 2001;
Shafter 1997). However, this mean value is not in agreement with
the E(B − V) = 1.6 mag (Shara & Moffat 1983) obtained from the
strong 4428 Å interstellar absorption feature. We calculated the dis-
tance of WY Sge as 3.1±0.3 kpc and 4.2±0.4 kpc using reddening
estimates as 0.67 ± 0.13 and 1.6 ± 0.3 mag, respectively.
A2.41 V1172 Sgr
Ringwald et al. (1996) investigated an optical spectrum of V1172
Sgr, and calculated the reddening as E(B − V) = 2.1 ± 0.5 mag.
Weight et al. (1994) argued that V1172 Sgr should be a recurrent
nova, although this reddening locate the optical colour of V1172
Sgr in the region where the systems with dwarf secondaries on the
CMD are found. Thus, they assumed a reddening value that satisfies
the recurrent nova expectation as E(B−V) = 0.4 mag. Interestingly,
Ringwald et al. (1996) even used the reddening given by Weight et
al. (1994) for their analysis. Furthermore, our reddening-distance
relation obtained from 2MASS CMD towards V1172 Sgr indicates
that reddening may not be larger than 1.4 mag. Thus, we calculated
the distance of V1172 Sgr to be dc = 0.86 ± 0.14 kpc using E(B −
V) = 0.4 ± 0.08 mag.
A2.42 V4077 Sgr
Drechsel et al. (1984) de-reddened IUE UV spectra of V4077 Sgr
using E(B − V) = 0.3 ± 0.1 mag, while Mazeh et al. (1985) used
E(B−V) = 0.35±0.1 mag based on a measurement from the 2200 Å
feature. These colour excesses are in agreement with the 0.32 mag
given by Warner (1995). We used the mean reddening of V4077
Sgr as E(B − V) = 0.32 ± 0.03 mag and calculated the distance of
this source as dc = 1.6 ± 1.0 kpc.
A2.43 V4160 Sgr
Schwarz et al. (2007) corrected the spectra of V4160 Sgr using
E(B − V) = 0.6 mag obtained from the expansion light curve sim-
ilarities with V838 Her. (Mason et al. 2002) estimated E(B − V) =
0.35 ± 0.04 mag using the Na i equivalent width measurement
due to the contamination of nearby He i emission. However, our
reddening- distance relation shows that the reddening cannot reach
up to 0.6 mag towards V4160 Sgr for distances smaller than 5 kpc.
Thus, we conclude that the distance is dc = 1.8 ± 1.2 kpc using
E(B − V) = 0.35 ± 0.04 mag.
A2.44 V4169 Sgr
Scott et al. (1995) obtained E(B − V) = 0.35 ± 0.05 mag and
0.33 mag from the 2200 Å feature and optical nebular spectra, re-
spectively, while Williams (1994) used H i and He ii recombination
lines to estimate the reddening as 0.41 and 0.51 mag, respectively.
Additionally, Rossano et al. (1994) calculated the reddening to be
E(B − V) = 0.35 mag towards V1469 Sgr from two different spec-
tral lines: E(B − V) = 0.4 ± 0.2 mag from O i lines and 0.29 ± 0.1
mag from the Paschen lines. They concluded that the estimated red-
dening changes depending on the observation date and blend effect.
Since the spectral lines can be affected by blending and dust form-
ation around the nova as mentioned in Rossano et al. (1994), we
adopted E(B−V) = 0.35± 0.05 mag, which is consistent with pre-
vious results. Based on this value we calculated the distance of the
nova as dc = 1.9 ± 0.7 kpc.
A2.45 V4332 Sgr
Comparison of the spectroscopic and photometric observations of
V4332 Sgr with giants template, mainly M giants, have led Mar-
tini et al. (1999), Tylenda et al. (2005), Kimeswenger (2006) and
Tylenda et al. (2015) to conclude that the reddening towards V4332
Sgr is E(B−V) = 0.32±0.02, 0.32±0.10, 0.37±0.07, and 0.35 mag,
respectively. In addition, Kamin´ski et al. (2010) used a more reli-
able reddening estimation method based on the equivalent width of
Na i D lines and determined the reddening as E(B−V) = 0.45±0.05
mag, although the Na i D lines were probably saturated. They used
column density of H i by neglecting a contribution from molecu-
lar hydrogen to obtain E(B − V) = 0.22 ± 0.04 mag, and adopted
E(B−V) = 0.32 mag. Using E(B−V) = 0.32±0.07 mag as a reason-
able value between the above estimates, we calculated the distance
as dc = 1.14±1.0 kpc. Note that, the estimates from column density
of H i line indicate a distance of dc = 0.75 kpc.
A2.46 V4444 Sgr
The difference in the reddening estimates reported for this object,
cause a scatter in our distance calculations. Venturini et al. (2002)
determined the reddening as E(B − V) = 1.07 ± 0.10 mag from the
observed O i flux ratios. Using this estimate, we calculated the dis-
tance of V4444 Sgr as dc > 5 kpc. Venturini et al. (2002) also
estimated the reddening as E(B − V) = 0.48 ± 0.15 mag com-
paring the observed ratios of the hydrogen lines to Paβ, corres-
ponding to a distance of dc ∼ 2.3 kpc. Using the field stars near
V4444 Sgr, Kawabata et al. (2000) estimated the colour excess
as E(B − V) ∼ 0.75 mag. For this estimate, our reddening curve
implies a lower limit of the distance as dc > 3.7 kpc. We also
calculated the distance to be dc = 2.2 kpc using a reddening es-
timate of E(B − V) = 0.431 mag (Kamath et al. 2008) from the
open cluster NGC 6520 located near V4444 Sgr. We can analyse
the reddening evolution through this nova only for reddening val-
ues E(B − V) 6 0.7 mag corresponding to distances smaller than
5 kpc, due to the magnitude depth of 2MASS and the dwarf/giant
contamination. Since the reddening becomes constant for distances
larger than 5 kpc, we conclude that the reddening estimate given
by Venturini et al. (2002) based on O i lines and Kawabata et al.
(2000) are possibly overestimated, or the distance is larger than 5
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kpc. Thus, using an average value of E(B − V) = 0.45 ± 0.1 mag,
we obtained the distance of this nova as dc = 2.27 ± 0.58 kpc.
A2.47 V4633 Sgr
To estimate the interstellar reddening towards V4633 Sgr, Lynch et
al. (2001) used hydrogen lines and determined it as E(B − V) =
0.28± 0.13 mag, while the He ii lines yielded values between 0.13-
0.49 mag. Combining these measurements, Lynch et al. (2001) ad-
opted E(B − V) = 0.3 ± 0.2 mag, but also mentioned that the un-
certainties in the reddening were dominated by errors in the meas-
ured line strengths because of blending, complex line profiles, and
the signal–to–noise ratio of observations. Additionally, Lipkin et
al. (2001) investigated the reddening towards V4633 Sgr using
several methods: E(B − V) = 0.21 ± 0.03 mag from analyses of
Balmer decrement, E(B − V) ∼ 0.23 mag from the He triplet ratio,
λ5876/4471, E(B − V) 6 0.25 mag from comparison between in-
trinsic colours at max and t2. We used the simple arithmetic mean
of these results, E(B − V) = 0.26 ± 0.05 mag, and estimated the
distance as dc = 1.36 ± 0.46 kpc.
A2.48 V4643 Sgr
In order to calculate the distance of V4663 Sgr, we used the redden-
ing E(B − V) = 1.47 ± 0.2 mag (Ashok et al. 2006) estimated from
intrinsic colour, and determined the distance as dc = 3.10 ± 0.20
kpc.
A2.49 V5113 Sgr
In this paper, the distance of V5113 Sgr was calculated to be dc =
0.95±0.21 kpc using E(B−V) = 0.1±0.02 mag reported by Ruch et
al. (2003), who derived the reddening from the diffuse interstellar
line at 5780 Å.
A2.50 V5115 Sgr
Using the reddening estimate of E(B − V) = 0.53 ± 0.05 mag by
Rudy et al. (2005), whose determination is based on the O i lines,
we calculated the distance to be dc ∼ 3.0 ± 1.0 kpc.
A2.51 V5116 Sgr
V5116 Sgr (Nova Sagittarii 2005 No. 2) was discovered on July
4.049 UT (JD 2453555.549) at about V = 8.0 mag (Liller 2005)
and observed also as a supersoft X-ray source (Sala et al. 2008).
Fortunately, the time and magnitude of the outburst maximum are
reasonably well determined for V5116 Sgr, with a pre-maximum
observation 24 hr before the maximum. The colour at the maximum
as B − V = +0.48 given by Gilmore & Kilmartin (2005) indicate
that the interstellar reddening towards 5116 Sgr as E(B − V) =
0.25 ± 0.06 mag using intrinsic colour of (B − V)0 = 0.23 ± 0.06
(van den Bergh & Younger 1987). This result is consistent with
E(B − V) = 0.22 ± 0.02 mag (Sala et al. 2010) obtained from the
column density of NH = 1.3 ± 0.1 × 1021 cm−2 using NH = 5.9 ×
1021 E(B−V) cm−2 (Zombeck 2007), and also in an agreement with
E(B−V) = 0.24±0.08 mag given by Ness et al. (2007) from SWIFT
X-ray observations. In this paper, we therefore adopted E(B−V) =
0.23±0.06 mag and calculated the distance as dc = 1.55±0.70 kpc.
A2.52 V5117 Sgr
V5117 Sgr is a standard Fe ii nova. The colour excess of E(B−V) =
0.5 ± 0.1 mag was obtained from the OI lines (Lynch et al. 2006b).
Using this value, we calculated its distance as dc = 1.45±0.33 kpc.
A2.53 V5558 Sgr
Munari et al. (2007b) obtained E(B−V) = 0.36 mag from the inter-
stellar Na i D1 and D2 lines, while Rudy et al. (2007) determined
the reddening of E(B−V) ∼ 0.8 mag based on the relative strengths
of the O i λ8446 and λ12187 lines. Although both methods are
known to yield reliable estimates of the reddening, they give very
different results. Using these reddening estimates, the distance of
the nova were determined between 1.1±0.2 and 2.1±0.4 kpc, with
a mean of dc = 1.6 kpc. In addition, Hachisu & Kato (2014) con-
cluded that the reddening should be E(B−V) = 0.7 mag, consistent
with Rudy et al. (2007), assuming that the three novae, V5558 Sgr,
HR Del, and V723 Cas, have the same intrinsic (B − V)0 colour in
the pre-maximum phase. This approach implies that the best red-
dening estimate for V5558 Sgr is the one given by (Rudy et al.
2007).
A2.54 V732 Sgr
Weight et al. (1993) used the relation between column density of
CO and extinction, and estimated the reddening as E(B − V) =
0.81 ± 0.16 mag, indicating a distance of dc = 3.0 ± 0.2 kpc in our
study.
A2.55 CK Vul
Hajduk et al. (2013) determined the interstellar reddening as E(B−
V) = 0.7 mag for this system, which is close to the reddening
E(B − V) = 0.82 ± 0.23 mag given by Shara et al. (1985). These
values were inferred from the Balmer decrement. Orio et al. (2001)
used ROSAT observation and calculated E(B − V) = 0.73 mag.
Weight et al. (1993) analysed emission lines associated with CO,
and determined the reddening as E(B − V) = 0.8 mag which is
consistent with that estimated by Shara et al. (1985) within er-
rors. Since all the reliable spectroscopic measurements are in agree-
ment, we adopted the reddening of CK Vul as the arithmetic mean
E(B − V) = 0.75 ± 0.05 mag, and calculated the distance of this
nova as dc = 4.48 ± 0.24 kpc.
APPENDIX B: THE NOVAEWHICH THEIR DISTANCE
COULD NOT BE CALCULATED.
This section includes a table of novae and their adopted reddening
estimates in the literature together with a short explanation of why
their distances could not be calculated in this study.
APPENDIX C: THE REDDENING-DISTANCE
RELATIONS
In this section, the reddening-distance relations, from which the
distances of novae are estimated in this study, are given.
This paper has been typeset from a TEX/LATEX file prepared by the author.
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Table B1. Novae for which the distance could not be calculated
Name l◦ b◦ E(B − V) Refa Notesb Name l◦ b◦ E(B − V) Refa Notesb
OS And 106.052 -12.118 0.15 1 l GI Mon 222.93 4.749 0.10 ± 0.04 8 l, c:
V723 Cas 124.961 -8.807 0.45 2 c, e: RS Oph 19.799 10.372 0.73 ± 0.1 12 c
V693 CrA 357.83 -14.391 0.05 ± 0.05 3 l V841 Oph 7.621 17.778 0.44 ± 0.06 8 s, c:
T CrB 42.374 48.165 0.1 ± 0.1 4 l V849 Oph 39.233 13.48 0.27 13 l
V1016 Cyg 75.173 5.678 0.28 5 s, c: AG Peg 69.278 -30.887 0.12 ± 0.04 14 l
V1668 Cyg 90.837 -6.76 0.38 ± 0.08 6 c GK Per 150.956 -10.104 0.34 ± 0.04 8 s
V1819 Cyg 71.372 3.978 0.35 ± 0.15 7 e RR Pic 272.355 -25.672 0.00 ± 0.02 8 l
HR Del 63.43 -13.972 0.17 ± 0.02 8 l T Pyx 257.207 9.707 0.25 ± 0.2 15 c
V339 Del 62.199 -9.423 0.18 ± 0.035 9 l T Sco 352.675 19.462 0.19 16 c
KT Eri 207.986 -32.02 0.08 10 l U Sco 357.669 21.869 0.15 17 c
DN Gem 184.018 14.714 0.17 ± 0.04 8 l, s: X Ser 10.841 31.872 0.25 18 l
DQ Her 73.153 26.444 0.05 ± 0.02 8 l V4743 Sgr 14.124 -11.877 0.25 19 s
V533 Her 69.189 24.273 0.03 ± 0.02 8 l V4745 Sgr 1.493 -12.382 0.1 20 l, c:
V827 Her 45.808 8.594 0.44 ± 0.06 8 c V5114 Sgr 3.943 -6.312 0.45 21 c, e:
DI Lac 103.108 -4.855 0.26 ± 0.04 8 e RR Tel 342.163 -32.242 0.0-0.1 22 l
GW Lib 340.707 26.767 0.03 11 l PU Vul 62.575 -8.532 0.43 ± 0.05 23 e
HR Lyr 59.584 12.47 0.18 ± 0.06 8 l, c:
a References for reddening estimates: 1 – Hachisu & Kato (2014); 2 – Munari et al. (1996); 3 – Hachisu & Kato (2016b); 4 – Schaefer (2010); 5 – Arkhipova
et al. (2008); 6 – Slovak & Vogt (1995); 7 – Whitney & Clayton (1989); 8 – Selvelli & Gilmozzi (2013); 9 – Chochol et al. (2014); 10 – Ragan et. al. (2009);
11 – Bullock et. al. (2011); 12 – Snijders (1987); 13 – Szkody (1994(@); 14 – Penston & Allen (1985); 15 – Gilmozzi & Selvelli (2007); 16 – Cohen (1985);
17 – Mason (2011); 18 – Selvelli (2004); 19 – Vanlandingham et. al. (2007); 20 – Csák et al. (2005); 21 – Ederoclite et al. (2006(@); 22 – Young et al.
(2005); Selvelli et al. (2007); 23 – Luna & Costa (2005)
b c – obtained reddening curve is nearly constant within the magnitude limits.; e – although the reddening slightly increases with distance, the reddening
estimate remains within the error limits of each reddening point in relation.; l – the interstellar reddening through line of sight is too low to obtain a smooth
reddening curve. ; s – position of the RC stars on CMD are unclear, since there are only a few of them. ; : – secondary reason, but its efficacy is lesser.
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Figure C1. The reddening-distance relations for the directions of the novae, for which expansion parallaxes could be measured. These novae are listed in
Table 1.
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Figure C2. The reddening-distance relations for novae listed in Table 2
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Figure C3. The reddening-distance relations for novae listed in Table 3
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